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Abstract 


Food  habits  of  wapiti  ( Cervus  elaphus  nelsoni)  in  the 
boreal  mixed-wood  forest  of  central  Alberta  were  examined  in 
five  habitat  types:  poplar  forest,  willow,  upland  grassland, 
lowland  grassland,  and  sedge  meadow.  Diets  were  sampled 
using  the  bite  count  method  from  October  (1980)  to 
August ( 1 98 1 ) .  Few  differences  in  the  use  of  forage  classes 
(grass,  browse,  forbs)  were  found  among  different  sexes  and 
ages  of  wapiti.  Significant  differences  in  the  use  of  forage 
classes  occurred  among  seasons  and  among  habitats  (P<.05). 
Grasses  dominated  the  grassland  and  sedge  meadow  diets  for 
much  of  the  year,  though  forbs  were  important  components  in 
the  summer.  Forbs  remained  important  in  the  winter  diet  in 
the  lowland.  Browse  generally  dominated  diets  selected  in 
poplar  forests.  Use  of  grass  in  this  habitat  was  greatest  in 
spring  and  fall,  and  forbs  were  important  in  the  spring  and 
summer  diets.  In  the  willow  habitat,  browse  was  the  major 
component  of  the  diet  during  winter  and  summer,  while 
grasses  dominated  the  diet  in  spring  and  fall. 

Forage  quality,  based  on  crude  protein,  was 
significantly  greater  in  spring  and  summer  than  in  fall  and 
winter  (P<.05).  Forbs  generally  contained  more  protein  than 
other  forage  classes,  except  in  summer  when  no  differences 
were  evident.  Digestibility  of  winter  forage  samples  ranged 
from  35-45%,  while  summer  samples  ranged  from  60-75%.  Forbs 
tended  to  have  the  highest  overall  digestibility.  Dietary  - 
crude  protein  followed  seasonal  trends  similar  to  that  of 
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forages.  It  was  significantly  greater  in  the  spring  and 
summer  than  fall  and  winter.  Dietary  crude  protein  ranged 
from  4.5%  in  the  sedge  meadows  during  winter  to  25.3%  in  the 
lowland  grassland  in  summer.  Dietary  crude  protein  was 
considered  to  be  sufficient  to  meet  requirements  of  wapiti 
throughout  the  year,  except  in  the  sedge  meadows  in  winter. 

Foraging  rates  (bite  rate,  consumption  rate,  rate  of 
movement)  varied  among  sex  and  age  classes,  habitats,  and 
seasons.  Foraging  rates  were  generally  greatest  in  summer 
and  lowest  in  winter.  Within  a  season,  rates  tended  to  be 
the  lowest  where  selection  was  the  greatest,  in  areas  of 
high  species  and  structural  diversity.  Adult  females  had 
higher  consumption  rates  than  other  wapiti  during  the 
summer,  while  adult  males  exhibited  slower  rates  of  movement 
during  this  period. 
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Introduct ion 


Large  herbivores  spend  much  of  their  time  foraging  to 
obtain  adequate  food  to  meet  nutritional  requirements.  Diet 
selection,  a  process  which  governs  the  amounts  and  varieties 
of  food  consumed  (Ellis  et  al .  1976),  is  a  means  by  which 
herbivores  can  attenuate  fluctuations  in  forage  quality,  and 
avoid  chemical  defenses  of  plants  (see  Freeland  and  Janzen 
1974).  Diet  selection  is  influenced  by  quality  and  quantity 
of  available  foods,  which  are  influenced  by  the  location  and 
time  of  feeding  (Hobbs  1979).  Animal  characteristics 
(physiological  requi rements ,  anatomical  and  morphological 
features,  and  their  behavior)  and  environmental  conditions 
(eg.  snow  conditions)  also  influence  diet  choice. 

The  consequences  of  diet  selection  occur  at  the 
individual  level  (animal  condition),  and  at  the  population 
level  (productivity).  Quality  of  forages  in  the  diet  can 
affect  growth  rate,  body  size,  age  of  sexual  maturity, 
reproductive  potential,  and  survival  (Klein  1970,  Sinclair 
1974).  Consequences  of  diet  selection  also  occur  at  the 
ecosystem  level,  influencing  energy  and  nutrient  flow  from 
herbage  to  herbivores,  the  partitioning  of  food  resources 
between  species,  and  habitat  condition  (Klein  1970,  Sinclair 
1974,  Ellis  et  a/.  1976,  McNaughton  1979). 

The  boreal  mixed-wood  forest  regions  (Rowe  1972) 
contain  forage  resources  particularly  suited  to  supporting 
populations  of  native  ungulates  (Telfer  and  Scotter  1975). 
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Much  of  this  forest  is  marginal  agricultural  land  and  its 
productivity  as  "natural"  habitat  for  native  ungulates  has 
received  increasing  interest.  The  profitability  of  game 
ranching  in  these  areas  was  initially  assessed  by  Telfer  and 
Scotter  (1975),  and  intensively  managed  systems  (game 
farming)  are  gaining  interest  in  Western  Canada. 
Determination  of  optimal  stocking  rates  of  ungulates  on 
these  ranges  is  important  .to  the  economic  viability  as  well 
as  sound  ecological  management  of  this  resource  base. 
Estimates  of  forage  and  diet  quality,  as  well  as  forage 
quantity,  are  important  in  assessing  productivity  and 
predicting  range  carrying  capacity  for  native  herbivores 
(Wallmo  et  al .  1977,  Robbins  1977).  Diet  selection 
throughout  the  year  is  important  to  the  welfare  of  the 
animal.  Summer  forages  provide  fat  stores,  while  winter 
forages  provide  a  portion  of  the  overwinter  maintenance 
requirements  (Hobbs  1979).  Thus,  diet  selection  is  important 
in  determining  optimal  stocking  on  both  summer  and  winter 
ranges . 

As  nutritional  requirements  vary  with  sex  and  age  as 
well  as  with  season  (Nelson  and  Leege  1982),  diet  selection 
by  these  classes  may  also  vary  (see  Geist  1982).  Smaller 
animals  would  be  expected  to  feed  more  selectively  than 
larger  ones.  Larger  wapiti  would  be  expected  to  forage  on 
more  fibrous  plants.  Wapiti  under  increased  energy  demands 
would  be  expected  to  forage  differently  than  those  without 
added  requirements.  To  avoid  competition  between  adult  males 
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and  females,  males  may  be  expected  to  use  different  parts  of 
the  range.  Thus,  range  suitability  may  change  in  relation  to 
population  structure. 

At  the  Ministik  Wildlife  Research  Station,  a 
mixed-species  (wapiti,  moose,  bison)  grazing  system  in  the 
boreal  mixed-wood  forest  of  Alberta  has  been  established  for 
a  number  of  years.  Studies  have  attempted  to  define  animal 
requirements  and  patterns  of  resource  use  on  a  seasonal 
basis.  The  present  study  was  conducted  at  this  research 
station  to  investigate  the  food  habits  of  wapiti  in  relation 
to  available  forage  resources.  An  investigation  of 
resource-use  by  wapiti  had  been  conducted  by  Gates  (1980). 


Object ives 

Determination  of  the  capacity  for  wapiti  production  in 
specific  areas  requires  measurements  of  the  available  food 
resources,  their  patterns  of  use,  and  an  estimation  of  their 
effect  on  the  nutritional  status  of  the  animal.  Since 
nutritional  requirements  vary  with  season,  age  and  sex 
(Nelson  and  Leege  1982),  these  factors  also  must  be 
considered  in  area  evaluations. 

The  overall  objective  of  this  study  was  to  examine  and 
compare  seasonal  food  habits  and  foraging  behavior  of  adult 
and  young  wapiti  of  both  sexes  in  five  main  habitats 
identified  by  Gates  (1980)  as  important  to  wapiti  in  the 
mixed-wood  boreal  forest  region:  willow,  poplar  forest, 
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upland  and  lowland  grasslands,  and  sedge  meadows. 

Specific  objectives  which  provided  a  structure  for  the 
study  were: 

1)  to  describe  plant  species  composition  and  estimate 
plant  biomass  in  the  five  habitat  types. 

2)  to  determine  the  quality  of  the  most  prominent 
forage  items  in  the  wapiti  diet  throughout  the  year. 

3)  to  determine  and  compare  the  botanical  composition 
of  the  diet  of  male  and  female,  adult  and  young  wapiti 
seasonally  in  the  five  habitat  types. 

4)  to  examine  dietary  preferences  of  wapiti  in  the  five 
habitat  types. 

5)  to  estimate  and  compare  quality  of  the  wapiti  diets 
in  the  five  habitats  during  different  seasons  of  the  year. 

6)  to  examine  and  compare  foraging  efficiency  of  the 
four  sex  and  age  classes  of  wapiti  seasonally  in  the  five 
habitat  types. 
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Study  Area 


The  study  was  conducted  at  the  Ministik  Wildlife 
Research  Station,  50  km  southeast  of  Edmonton,  Alberta  ( NW 
Sec  25  TP  50  R  21).  The  study  area  was  approximately  60  ha 
in  size,  and  was  enclosed  by  2-meter  high  game  fence. 


Geology  and  Topography 

The  Ministik  area  is  underlain  by  the  Edmonton 
Formation,  an  Upper  Cretaceous  bedrock  of  shales, 
sandstones,  clays  and  coal  interbedding  (Bayrock  1972).  The 
Cooking  Lake  Moraine,  composed  of  glacial  debris  formed 
during  the  retreat  of  the  Wisconsin  ice  sheet,  overlies  the 
Edmonton  Formation.  The  area  exhibits  gently  rolling  to 
rolling  hills  and  shallow  depressions,  typical  of  hummocky 
dead-ice  moraine.  Numerous  sloughs  are  characteristic  of  the 
area . 


Soils 

Soils  of  the  Ministik  area  are  mainly  Luvisols,  and  lie 
within  the  grey  wooded  soil  zone.  The  Cooking  Lake  loam, 
which  predominates  in  the  region  (Bowser  et  al .  1962),  is  a 
fairly  well -drained  orthic  grey  wooded  soil  developed  on 
glacial  till  of  the  Edmonton  formation,  underlying  treed 
areas.  The  Uncas  loam,  an  orthic  dark  grey  wooded  soil  also 
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developed  from  glacial  till,  is  found  on  less  densely  treed 
areas.  This  soil  is  fairly  well-to  we  1 1 -dr a i ned .  Sandy  loams 
are  also  present  on  the  area,  though  in  low  proportions. 


Climate 

The  Ministik  region  exhibits  a  cool,  continental 
climate  characterized  by  short  warm  summers  and  long  cold 
winters  (Wonders  1969).  Temperatures  range  from  about  -40°C 
to  32°C.  The  frost-free  period  averages  100  days,  although 
considerable  yearly  variation  occurs.  The  average  annual 
precipitation  is  450  mm,  and  about  125  cm  of  snow  falls 
annually.  The  average  wind  velocity  is  less  than  26  kph. 
Appendix  1  describes  weather  conditions  during  the  study 
periods  (1980-1981)  as  recorded  at  the  Edmonton 
International  Airport. 


Vegetat ion 

Rowe  (1972)  classified  the  Ministik  area  as  being  the 
southern  fringe  of  the  boreal  mixed  wood  forest  zone.  The 
site  of  the  study  area  was  homesteaded  early  in  the 
twentieth  century,  which  created  greater  interspersion  of 
habitat  types  than  found  on  undisturbed  sites.  The 
i nterspers ion  of  grasslands  and  forests,  and  the  scarcity  of 
conifers  gives  the  area  some  characteristics  of  aspen 
parkland. 
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Gates  (1980)  classified  the  vegetation  cover  of 
Ministik  Research  Station  into  five  types:  willow,  poplar 
forest,  upland  grassland,  lowland  grassland,  and  sedge 
meadows  (Figure  1). 

Poplar  forest  was  the  dominant  cover  type,  occupying 
47%  of  the  area.  Trembling  aspen  (Populus  tremul oides) 
dominated  drier  sites,  while  balsam  poplar  (P.  balsam  if  era) 
dominated  the  more  mesic  sites.  A  fire  in  this  area  in  the 
1890's  resulted  in  white  spruce  ( Picea  glauca),  the  dominant 
climax  species  of  this  forest  zone,  being  poorly  represented 
on  the  study  area  (Gates  1980).  The  most  common  shrubs  in 
the  understory  of  the  poplar  forest  were  beaked  hazelnut 
[Cory  1  us  cor  nut a) ,  rose  (Rosa  acicul ar is  and  R.  woods//), 
raspberry  (Rubus  mel anol asias)  ,  and  saskatoon  (Amel anchier 
alnifolia).  Numerous  seasonally  abundant  forbs  were  present 
as  well  as  brome  grass  ( Bromus  pumpel 1 ianus)  and  bluegrass 
( Poa  spp . )  . 

The  willow  habitat  occupied  about  12%  of  the  study 
area,  forming  a  band  around  the  sedge  meadows.  Willow  (Sal ix 
spp.)  was  the  dominant  cover  species,  although  balsam  poplar 
was  present  in  some  areas.  Sedges  (mainly  Carex  ant hero  ides ) 
and  reedgrass  (Cal amagrost is  canadensis )  were  the  main 
understory  species. 

Sedge  meadows  occurred  on  11.5%  of  the  area,  with  Carex 
antheroides  as  the  principal  species.  Cattails  (Typha 
latifolia)  occurred  along  the  open  water  edge  of  the  sedge 
meadows,  and  reedgrasses  occurred  near  the  shore  edge  of  the 


' 


n  ■  ■ 


. 


8 


t’iMi 

POPLAR 

FOREST 

•J~' T 

i  l-w  V 

f-'W 

BIRCH 

FOREST 

*  AV 
►  *  * .  , 

*  • 

WILLOW 

SHRUBLAND 

DISTURBED 

HABITAT 

AREAS 

hectare 

GRASS 

UPLAND 

-  . 

GRASS 

LOWLAND 

SEDGE 

WETLANO 

HABITAT 

manipulation 

SITE 

_r^ 

y 

MICRO 
,  CLIMATE 
STATION 


•  FENCE 


VEGETATION 

EXCLOSURES 


PERMANENT 
I  VEGETATION 
PLOTS 


ELECTRIC 

FENCE 


- TRAIL 


100 

I- 

1/16 


metres 

0 


0 

m*es 


100 


1/16 


Figure  II. 1  Vegetation  cover  types  at  Ministik  Wildlife 
Research  Station;  willow,  poplar  forest,  upland  grassland, 
lowland  grassland,  and  sedge  meadow. 
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meadows.  Forbs  occurred  mainly  at  the  shore  edge. 

Upland  grasslands  occurred  in  cleared  upland  forest 
areas,  and  occupied  19.1%  of  the  study  area.  These  areas 
were  seeded  in  the  early  1900's,  and  native  species  have  not 
yet  replaced  those  introduced.  Bluegrass  and  brome  were  the 
dominant  grass  species.  Forbs  included  clover  (Trifolium 
spp.),  dandelion  ( Taraxacum  officinale),  and  strawberry 
( Fragaria  virginiana  var.  glauca).  Shrubs,  snowberry 
(Symphor icarpos  spp.)  and  rose,  were  frequent  on  only  a  few 
sites.  Poplar  regeneration  was  infrequent  on  the  upland. 

Lowland  grasslands  occupied  4.4%  of  the  area.  The  major 
lowland  grassland  site  had  also  been  seeded.  Bluegrass, 
brome,  wheatgrass  ( Agropyron  cristatum) ,  and  reedgrass  were 
the  major  species  present.  Thistle  (Cirsium  arvense)  was  the 
predominant  forb. 


History 

The  Ministik  Wildlife  Research  Station  was  established 
by  the  Alberta  Wildlife  Production  Research  Committee  in 
1976.  A  quarter  section  of  the  reserve  was  fenced  in  1977, 
and  hand-reared  wapiti,  bison,  moose,  and  deer  were 
introduced  into  the  compound  from  foundation  stock  at  the 
University  of  Alberta.  Wild  moose  and  deer  are  capable  of 
entering  the  compound.  The  stocking  rates  of  these  species 
for  the  winters  of  1977-1981  are  given  in  Table  II. 1. 
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Table  II.  1:  Winter  stocking  rates  (ungulates/60  ha) 
Ministik  Research  Station  for  1977-78  to  1980-81. 


Cervus 
el aphus 

A 1  ces 
a  Ices 

Bi  son 
bison 

Odocoi leus 
spp. 

1977-78 

9 

2  ( + ) 

0 

1978-79 

12 

3  ( + ) 

3 

2  ( + ) 

1979-80 

9 

2  (  + ) 

5 

7 

1980-81 

17 

4 

5 

5  ( + ) 

Study  Animals 

During  this  study,  12  wapiti  -  three  adult  males,  three 
adult  females,  three  male  calves,  and  three  female  calves  - 
were  observed.  The  adult  animals  had  been  hand-reared  and 
were  free-ranging  residents  of  the  Ministik  study  area  for 
four  to  five  years  prior  to  the  study.  Two  of  the  female 
calves  were  received  from  Elk  Island  National  Park  in  June 
of  1980  and  were  hand-reared.  The  other  calves  were  born  in 
1980  to  resident  females  placed  in  a  calving  pen.  These 
calves  were  maternally  reared  and  habituated  to  human 
presence  before  being  allowed  to  free-range  with  the  herd. 
Habituation  had  a  taming  effect  that  facilitated  close 
observation  of  the  calves.  One  adult  female  was  pregnant  at 
the  start  of  the  study,  and  calved  in  May  1981. 

Animals  were  supplemented  with  small  amounts  of  alfalfa 
pellets  from  January  to  April  1981.  Schwartz  and  Nagy  (1973) 
and  Regelin  et  al .  (1976)  found  no  effect  of  artificial 
feeding  on  the  diets  selected  by  tame  animals. 

The  use  of  tame  animals  for  food  habit  studies  has 
several  advantages  over  other  methods.  Tame  animals 
facilitate  accurate  description  of  the  plant  species  and 
plant  parts  consumed.  Representative  samples  of  forage  which 
reflect  the  chemical  composition  of  the  diet  can  be 
collected  (Hobbs  1979).  Fecal  analysis  (Sparks  and  Malechek 
1968)  and  rumen  samples  (Rice  et  a/.  1971)  underestimate  the 
quantity  of  species  of  higher  digestibilities  (Mclnnis  et 
a/.  1977,  Vavra  et  a/.  1978).  The  feeding-site  method 
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(McCulloch  1955)  and  foraging  minutes  method  ( Buechner  1950) 
overestimate  importance  of  shrubby  species  and  underestimate 
forbs  and  grasses  in  the  diet  (Wallmo  et  al .  1973).  The  use 
of  tame  animals  also  allows  the  investigation  of  diet 
selection  within  specific  habitats,  which  can  not  be 
determined  using  fecal  samples  (Collins  1979). 


. 


METHODS 


Vegetation  Composition  and  Biomass 

Herbaceous  Vegetation 

Herbaceous  vegetation  was  sampled  each  month  in  all 
five  habitats  during  snow-free  periods,  October  and  November 
1980,  April  through  August  1981.  Thirty  25cm  x  50cm  plots 
were  randomly  sampled  in  each  habitat,  except  in  the  sedge 
meadow  in  November,  where  20  plots  were  used.  Plant  species, 
genera,  or  plant  group  (grasses)  in  each  plot  were  recorded, 
as  were  their  height,  a  visual  estimate  of  their  percentage 
cover,  and  their  phenological  stage.  Ten  plots  within  each 
habitat  were  clipped  at  ground  surface,  then  the  plant 
species  or  groups  were  separated,  dried  at  65°C  for  2  to  4 
days,  and  weighed  to  obtain  an  estimate  of  biomass.  When 
components  of  litter  (eg.  fallen  leaves)  were  consumed  by 
the  wapiti,  these  were  also  collected  from  the  plots, 
separated,  dried,  and  weighed.  During  the  summer  months,  the 
number  of  plots  in  the  poplar  forest  was  increased  to  60  to 
account  for  the  great  plant  diversity  there.  Of  these  plots, 
20  were  clipped  for  biomass  estimation. 

One-way  analyses  of  variance  (ANOVA)  were  used  to 
compare  herbaceous  vegetation  biomass  (dry  weight)  among 
habitats  during  each  month.  Differences  among  means  were 
evaluated  using  the  Least  Significant  Difference  (LSD)  test 
(Sokal  and  Rohlf  1969).  Differences  at  P=.05  were  considered 
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statistically  significant. 

Shrubs 

In  the  spring  of  1980,  a  browse  inventory  was  conducted 
by  technical  personnel  at  the  station.  Previously,  a 
reconnai sance  survey  was  undertaken  to  determine  the 
location  of  representat  i  ve  stands  within  the  forest  and  the 
willow  cover  types.  Eleven  stands  were  selected  for  sampling 
in  the  poplar  forest  and  2  stands  were  selected  in  the 
willow  habitat.  In  each  forest  stand,  4-2mx2m  plots,  10m 
apart,  were  established.  In  the  willow  stands,  7  plots  were 
established.  In  each  plot,  the  average  heights,  the  number 
of  stems,  and  the  number  of  browsed  and  unbrowsed  twigs  of 
each  species  were  recorded.  These  data  provided  information 
on  species  frequency  of  occurrence  and  the  yield  of  twigs 
(twigs/hectare)  of  the  predominant  shrubs.  . 

Foraging  Behavior 

The  bite  count  method  (Neff  1974)  was  used  to  estimate 
diet  composition.  Each  distinct  removal  of  a  plant,  plant 
part,  or  a  number  of  plants  was  considered  to  be  a  bite. 
Diets  were  sampled  during  the  7th  to  23rd  day  of  each  month 
from  October  1980  through  August  1981.  Based  on  plant 
phenology  and  snow  cover,  the  months  were  grouped  into 
seasons:  fall  (October  and  November),  winter  (December, 
January,  February,  and  March),  spring  (April  and  May),  and 
summer  (June,  July,  and  August).  Data  were  not  collected  in 


. 


' 


■ 


' 

. 


. 


15 


September  due  to  the  rut  and  breeding  period.  Adult  males 
were  not  included  in  the  October  sample  as  they  were  still 
in  rut.  The  wapiti  were  allowed  to  free-range  over  the  study 
area  at  all  times,  therefore  no  pre-trial  adaptation  periods 
were  necessary.  Since  all  animals  had  been  exposed  to 
natural  vegetation  when  young,  or  for  a  number  of  years 
after  being  reared  in  pens,  the  forage  selection  exhibited 
by  the  wapiti  should  be  representative  for  that  area. 

The  herd  was  followed  during  morning  and  evening 
feeding  bouts.  Using  a  tape  recorder ,  an  observer  recorded 
the  foraging  sequence  of  a  focal  animal.  Choice  of  the  focal 
animal  was  governed  by  its  habitat  usage  and  the  amount  of 
data  previously  recorded  from  that  animal  in  that  habitat. 
The  duration  of  any  one  recording  session  ranged  from  3  to 
45  minutes.  A  new  foraging  sequence  was  initiated  if  the 
focal  animal  changed  habitats.  An  attempt  was  made  to  obtain 
similar  total  recording  time  for  each  animal  in  each 
habitat.  If  sufficient  data  could  not  be  collected  from  a 
particular  wapiti,  additional  data  were  recorded  from  other 
animals  of  the  same  sex  and  age  class.  Due  to  seasonal 
habitat  preferences,  it  was  impossible  to  obtain  equal 
recording  times  from  all  habitats  in  any  one  season. 

The  recorded  foraging  sequence  of  an  animal  consisted 
of  its  movement  (steps),  feeding  behavior  (the  finding, 
cropping,  and  chewing  of  food  items),  and  non- foraging 
behavior  (eg.  grooming,  social  interactions).  Information 
recorded  on  the  forage  items  included  species  or  group,  (ie. 
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grasses),  and  the  plant  part  ingested.  During  each  recording 
session,  records  were  Kept  of  location,  weather  conditions 
(ambient  temperature,  precipitation,  cloud  cover,  wind),  as 
well  as  general  observations  on  the  foraging  behavior  and 
habitat  usage  of  the  wapiti.  In  winter,  records  were  Kept  of 
snow  conditions  in  the  different  habitats.  Snow  depth  was 
measured  with  a  meter  sticK  in  each  habitat  during  the 
start,  middle,  and  end  of  each  recording  period. 


Diet  Composition 

The  contribution  of  each  forage  item  to  the  diet  was 
determined  as  a  percentage  of  the  total  number  of  bites. 
Forage  classes  considered  were  graminoids,  browse,  forbs , 
lichens,  and  fungi.  Graminoids  included  all  grasses, 
reedgr ass ,' sedges ,  and  cattails.  Browse  refers  to  any  part 
of  shrubs  or  trees,  including  fallen  leaves,  that  was 
consumed.  A  diversity  index  (Harris  1972):  N=(pi  log  pi 
where  N=index  value  and  pi=the  proportion  of  each  species  in 
the  diet,  was  calculated  for  all  the  diets.  This  index  gives 
an  indication  of  the  number  of  species  included  in  the  diet, 
as  well  as  the  relative  proportion  of  each  species.  High 
indices  indicate  that  a  variety  of  species  were  included  in 
the  diet,  with  no  one  species  dominating. 

ANOVAs  were  used  to  test  for  differences  in  the  use  of 
grasses,  forbs,  and  browse,  as  well  as  for  plant  species  or 
groups,  among  sex  and  age  classes  of  wapiti  within  each 
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habitat  each  season.  Wapiti  were  considered  as  a  group  when 
testing  for  habitat  differences  within  a  season,  and 
seasonal  differences  within  a  habitat.  These  same  analyses 
were  used  to  test  for  differences  in  the  diversity  index 
among  sex  and  age  classes,  seasons,  and  habitats.  The  LSD 
test  was  used  to  evaluate  significant  differences  at  the 
P= . 05  1  eve  1 . 


Foraging  Selectivity 

The  degree  of  foraging  selectivity  exhibited  by  the 
wapiti  was  examined  by  determining  the  ratio  of  the 
percentage  diet  biomass  to  the  percentage  habitat  biomass  of 
the  most  abundant  herbaceous  forages  in  each  habitat  during 
snow- free  periods. 

Selection  for  shrub  species  was  examined  by  determining 
the  ratio  of  the  percentage  frequency  of  each  shrub  in  the 
diet  to  the  percentage  frequency  of  the  occurrence  of  the 
shrub  in  the  habitat. 

These  ratios  have  been  used  by  Chamrad  and  Box  (1968) 
and  van  Dyne  and  Heady  (1965),  respectively,  as  preference 
i ndi ces . 


Forage  Qua! i ty 

Fifty  grams  or  more  of  the  major  forage  items  consumed 
by  the  wapiti  were  collected  during  each  month's  recording 
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session.  Samples  were  hand-picked  as  "bites",  duplicating  as 
closely  as  possible  the  parts  and  amounts  of  forage  items 
that  wapiti  were  observed  to  ingest.  These  forage  samples 
were  collected  from  a  number  of  plants  at  various  locations 
on  the  study  area.  The  number  of  simulated  "bites"  of  each 
item  was  recorded.  Samples  were  dried  at  60-65°C  for  2-4 
days,  and  the  bite  size  (grams  per  bite)  of  the  forages  was 
calculated  on  a  dry  weight  basis.  Dried  samples  were  stored 
in  bags  until  final  collections  were  made  in  August.  Samples 
were  then  ground  through  a  1-mm  screen  of  a  Model -4  Wiley 
mill  and  stored  at  5°C  until  analyzed. 

Fresh  feces  were  collected  from  all  animals  at  the 
mid-point  of  the  recording  sessions  for  the  months  of 
October,  November,  December,  May,  June,  July,  and  August. 
Feces  were  not  collected  during  late  winter  and  early  spring 
due  to  supplemental  feeding  of  wapiti  with  alfalfa  pellets. 
Fecal  samples  were  dried  at  60°C  for  2-4  days,  ground,  and 
stored  in  vials  until  analyzed  for  crude  protein. 

Crude  protein  content  of  triplicate  forage  samples  was 
calculated  from  total  nitrogen  determined  by  the 
macro-K je Idah 1  (Nx6.25)  method  (A.O.A.C.  1965). 

In  vitro  digestibilities  of  major  forage  items  in  the 
diet  were  determined  by  the  Tilley  and  Terry  (1965) 
two-stage  method,  with  some  modifications  suggested  by 
Minson  and  McLeod  (1972).  Samples  (0.5  gm)  were  inoculated 
with  a  mixture  of  rumen  fluid  and  McDougall's  buffer 
solution  and  then  incubated  at  39-40° C  for  48  hours.  Rumen 
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inoculum  was  collected  from  two  fistulated  wapiti  steers  fed 
on  a  diet  of  browse  and  alfalfa  hay.  Samples  of  rumen 
contents  were  squeezed  through  layers  of  cheesecloth  into 
separate  containers  maintained  at  39°C.  These  samples  were 
strained  through  a  cheesecloth  a  second  time  before  equal 
volumes  of  sample  from  each  animal  were  mixed  and  added  to 
the  buffer  solution.  Capillary  tubes  fitted  into  test  tube 
stoppers  allowed  for  the  release  of  fermentation  gases. 
Samples  were  analyzed  in  duplicate,  running  blanks  (of 
buffer  solution  and  inoculum)  and  a  standard  sample  of  known 
in  vivo  digestibility  in  each  trial.  Following  the 
fermentation  period,  residues  of  the  sample  were  digested 
with  acid  pepsin  for  48  hours.  The  indigestible  residue  was 
then  washed  into  tared  containers,  dried  at  100'C,  and 
reweighed.  The  percentage  dry  matter  (D.M.)  digestibility 
was  calculated  as: 

lOOiD.M.  sample  -  (D.M.  residue  -  D.M.  blank)) 

D.M.  sample 

Crude  protein  content  of  individual  fecal  samples  was 
also  determined  by  the  macro-K jeldahl  method  (Nx6.25),  and 
was  used  as  an  additional  indication  of  forage  and  diet 
quality  (see  Gates  1980).  Monthly  composite  samples  of  feces 
from  all  individuals  were  sent  to  the  Soil  and  Feed  Testing 
Laboratory,  Edmonton  for  the  determination  of  acid  detergent 
fiber,  lignin,  cellulose,  and  ash  content. 
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Seasonal  variation  in  forage  class  crude  protein  and  in 
vitro  digestibility,  and  fecal  crude  protein  content  were 
analyzed  by  an  ANOVA.  The  crude  protein  content  and  in  vitro 
digestibility  values  of  the  forage  classes  within  each 
season  were  also  compared  with  an  ANOVA.  Significant 
differences  among  means  were  evaluated  with  the  LSD  test 
(  P  =  0 . 0  5  )  . 


Diet  Quality 

Diet  quality,  based  on  crude  protein  content  of 
forages,  was  calculated  as  the  sum  of  forage  crude  protein 
concentrations  multiplied  by  weighted  diet  percentages. 
Weighted  percentages  were  calculated  by  multiplying  bite 
frequency  by  the  estimated  bite  weight,  then  normalizing 
these  values  to  100  (Schwartz  et  al .  1977,  Hobbs  1979). 
Forages  comprising  1%  or  more  of  the  average  wapiti  diet  for 
one  month  were  included  in  the  diet  quality  values.  In 
instances  where  crude  protein  values  were  missing,  values 
were  interpolated,  using  the  average  value  of  the  preceding 
and  following  month.  In  a  few  cases  where  a  plant  species 
(contributing  little  to  the  diet)  had  not  been  collected, 
the  average  monthly  values  for  that  forage  class  was  used. 

Diet  quality  differences  among  habitats  for  each 
season,  and  seasonal  differences  for  each  habitat  were 
analyzed  by  ANOVA.  the  LSD  test  at  P=0.05  was  used  to 
evaluate  significant  differences. 
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Foraging  Efficiency 

For  each  foraging  sequence  recorded  on  an  animal,  the 
average  consumption  rate  (bites  per  minute),  rate  of 
movement  (steps  per  minute),  the  number  of  feeding  stations 
per  minute  (that  area  that  an  wapiti  forages  on  while  not 
moving  its  forefeet),  the  overall  time  spent  foraging 
(seconds  per  minute),  and  the  time  spent  in  other  activities 
(seconds  per  minute)  were  calculated.  Variations  in  these 
measurements  among  the  four  sex  and  age  classes  of  wapiti 
within  each  habitat  for  each  season  were  analyzed  by  one-way 
analyses  of  variance.  The  wapiti  were  considered  as  one 
group  when  comparing  the  foraging  sequence  rates  among 
habitats  each  season,  and  among  seasons  for  each  habitat 
with  one-way  ANOVA.  The  LSD  test  ( P  =  0 . 05)  was  used  to 
evaluate  significant  differences. 

Consumption  rates  (grams/minute)  of  wapiti  on  the 
different  habitat  segments  over  the  year  were  calculated  by 
multiplying  the  average  bite  size  (grams/bite)  for  an 
individual  in  a  habitat  by  its  average  bite  rate 
(bites/minute)  in  that  habitat.  Variation  in  consumption 
rates  among  habitats  and  seasons  was  analyzed  by  ANOVA. 
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RESULTS 


Snow  Conditions 

The  first  permanent  snowfall  of  1980  occurred  in  early 
December  (Table  I V .  1  )  .  Snow  depth  varied  widely  during  the 
winter,  and  was  negatively  associated  with  warming  trends 
and  positively  associated  with  cooling  trends.  Differences 
in  snow  depth  among  habitats  were  small.  Snow  depths  in  all 
habitats  remained  less  than  30  cm,  and  at  no  time  hindered 
movement  of  wapiti  or  prevented  foraging  behavior.  Crusting 
conditions  of  the  snow  were  related  to  aging,  wind 
conditions,  and  trampling  by  animals.  Heavy  use  of  some 
regions  caused  a  layer  of  ice  to  form  near  the  ground 
surface,  and  prevented  the  extraction  of  forage  by  wapiti. 

As  spring  approached  snow  melted  first  on  south  facing 
slopes  and  areas  of  steep  topography.  Snow  remained  longest 
in  forested  areas.  By  April,  the  snow  cover  had  completely 
disappeared . 

Vegetation  Composition  and  Biomass 

Herbaceous  Vegetation 

Biomass  of  herbaceous  vegetation  is  presented  by  forage 
class  (Figures  IV.1-IV.5).  Species  specific  data  are  given 
in  Appendix  3-7.  Total  herbage  biomass  was  significantly 
greater  (P<.05)  in  the  sedge  meadow  than  other  habitats  for 
all  months.  This  biomass  ranged  from  1,949  Kg/ha  in  April  to 
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Table  IV.  1:  Snow  depths  in  the  major  habitats  at  Ministik 
Wildlife  Research  Station,  1980-1981. 


Wi 1  low 

( cm) 

Poplar 

Forest 

(cm) 

Up  1  and 
Grass  1  and 
( cm) 

Lowland 
Grass  1  and 
( cm) 

Sedge 
Meadow 
( cm) 

December  9 

23.0 

22.0 

20.0 

24.0 

23.0 

15 

19.5 

19.0 

18.0 

19.0 

19.0 

21 

17.5 

16.5 

15.0 

17.0 

16.5 

January  7 

19.0 

18.0 

14.0 

20.5 

18.0 

14 

19.2 

19.0 

18.0 

21.0 

19.0 

21 

12.0 

9.7 

9.3 

9.2 

10.4 

February  7 

16.0 

16.0 

15.0 

18.0 

15.0 

15 

11.9 

10.2 

11.4 

10.1 

9.3 

21 

9.8 

7.7 

8.1 

7.7 

8.3 

March  7 

14.0 

14.0 

14.0 

16.0 

13.0 

14 

10.5 

8.8 

7.9 

12.  1 

6.7 

21 

11.4 

10.  1 

11.5 

14.7 

9.3 
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7,045  Kg/ha  in  August  (Figure  I V .  1  )  .  Carex  spp.  dominated 
the  sedge  meadows,  with  forbs,  mainly  asters  (Aster  spp.), 
water  smartweed  (Polygonum  amphibium) ,  and  mint  ( Mentha 
arvensis),  forming  only  a  minor  portion  of  the  summer 
biomass.  The  willow  habitat,  in  which  Carex  was  also  the 
predominant  herbaceous  plant,  had  the  second  highest  biomass 
during  the  year,  reaching  5,562  Kg/ha  in  August  (Figure 
IV. 2).  Forb  diversity  was  high  in  this  habitat  (Appendix  4), 
although  forb  biomass  was  relatively  low  in  relation  to 
graminoids.  However,  when  forb  biomass  was  compared  among 
habitats,  the  willow  habitat  was  second  only  to  the  lowland 
grass  1  and . 

The  upland  grassland,  as  well  as  some  portions  of  the 
lowland  areas,  were  heavily  grazed  during  late  spring, 
summer,  and  fall.  As  a  result,  the  vegetation  was  maintained 
in  a  state  of  regrowth  for  much  of  the  year.  This  resulted 
in  a  much  lower  biomass  there  than  in  the  Carex  dominated 
areas;  (Carex  was  seldom  consumed  during  the  late  spring  and 
summer).  Herbaceous  biomass  ranged  from  437  to  4,946  Kg/ha 
in  the  lowland  (Figure  IV. 4),  and  from  365  to  1,739  Kg/ha  in 
the  upland  grasslands  (Figure  IV. 3).  Forbs  accounted  for 
large  proportions  of  the  biomass  in  the  grassland  habitats 
during  summer.  Abundant  forbs  on  the  uplands  were  clover, 
dandelion,  strawberry,  aster,  yarrow  (Achi Ilea  mil lefol ium) , 
and  thistle.  Thistle  was  the  major  forb  in  the  lowlands. 
Since  it  was  avoided  by  the  wapiti  and  bison  during  much  of 
the  growing  season,  it  proliferated  in  these  areas.  Nettle 
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SEDGE  MEADOW 


Figure  IV. 1  Herbaceous  (graminoids  and  forbs)  biomass 
(Kg/ha)  in  the  sedge  meadows  for  October  and  November  1980, 
April  through  August  1981. 


WILLOW 


Figure  IV. 2  Herbaceous  (graminoids  and  forbs)  biomass 
(Kg/ha)  in  the  willow  habitat  for  October  and  November 
1980,  April  through  August  1981.  Leaf  litter  (browse) 
included  in  estimates  during  months  of  use  by  wapiti. 


. 

' 


26 


UPLAND  GRASSLAND 


Figure  IV. 3  Herbaceous  (graminoids  and  forbs)  biomass 
(Kg/ha)  in  the  upland  grassland  for  October  and  November 
1980,  April  through  August  1981.  Leaf  litter  (browse) 
included  in  estimates  during  months  of  use  by  wapiti. 


LOWLAND  GRASSLAND 


Figure  IV. 4  Herbaceous  (graminoids  and  forbs)  biomass 
(Kg/ha)  in  the  lowland  grassland  for  October  and  November 
1980,  April  through  August  1981. 
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Figure  IV. 5  Herbaceous  (graminoids  and  forbs)  biomass 
(Kg/ha)  in  the  poplar  forest  for  October  and  November 
1980,  April  through  August  1981.  Leaf  litter  (browse) 
included  in  the  estimates  during  months  of  use  by  wapiti. 
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( Urtica  gracilis)  dominated  a  few  small  areas  of  the  lowland 
grass  1  and  habi tat . 

Herbaceous  vegetation  was  poorly  represented  in  the 
forest  habitat  for  most  of  the  year,  ranging  from  111  Kg/ha 
to  369  Kg/ha  (Figure  IV. 5).  Grass  biomass  in  this  habitat 
was  very  low  in  comparison  to  the  other  habitats.  Forbs 
dominated  the  herbaceous  understory  in  spring  and  summer. 
Numerous  forb  species  were  present  (Appendix  7),  giving  the 
forest  the  highest  herbage  species  diversity  of  any  habitat. 
Dominant  forbs  included  asters,  bunchberry  (Cornus 
canadensis) ,  pea vine  ( Lathy rus  spp. ) ,  sarsapari 1  la  ( Aral ia 
nudicaulis),  violet  (Viola  spp.),  strawberry,  and  tall 
lungwort  (Mertensia  pan icul ata) . 


Shrubs 

Hazel  was  the  predominant  shrub  in  the  poplar  forest 
habitat,  accounting  for  41.5%  of  all  stems  (Table  IV. 2). 
Other  common  shrub  species  included  rose,  raspberry, 
saskatoon,  and  snowberry.  Shrub  species  which  wapiti 
preferred  when  first  introduced  into  the  area,  such  as 
dogwood  (Cornus  stolonifera)  and  cherry  (Prunus  spp.) 
(Gates'  1980),  were  poorly  represented.  Heavy  browsing  on 
aspen  and  balsam  poplar  saplings  and  seedlings  resulted  in 
these  being  infrequent  in  the  forest  understory,  and  also 
prevented  the  encroachment  of  forest  onto  the  grasslands. 
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Table  IV. 2  Shrub  species,  their  frequency  and  twig  yield 
in  the  poplar  forest  habitat. 


Species 

%  of  All 
Stems 

Stems  per 
Hectare 

Total  Yield 
( twigs/hectare 

Populus  tremuloides 

.76 

737.5 

113.6 

Betula  papyrifera 

.58 

567.5 

4431 .8 

Populus  balsamifera 

1.75 

1705.0 

2784. 1 

Amelanchier  a  Ini  folia 

6.07 

5907.5 

29886.3 

Cornus  stolonifera 

4.32 

4205.0 

14040.9 

Corylus  cornuta 

41.51 

40397.5 

150682.0 

Lonicera  spp. 

.88 

852.5 

2215.9 

Prunus  virginiana 

3.21 

3125.0 

20056.8 

Ribes  spp. 

1.46 

1420.0 

? 

Rosa  spp. 

19.44 

18920.0 

63250.0 

Rubus  hi r te 1 1 um 

2.80 

2727.5 

2329.5 

Rubus  melanolasius 

11.97 

11647.5 

8806.8 

Shepherdia  canadensis 

.23 

277.5 

? 

Symphor icarpos  spp. 

5.60 

5455.0 

7 

TOTAL 

97325.0 
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Fallen  leaves,  mainly  from  mature  poplar  trees,  were  an 
important  component  of  the  autumn  through  early  spring 
biomass  in  the  forest  habitat.  In  October,  leaf  litter  was 
estimated  at  1,833  Kg/ha,  and  in  April  a  considerable 
amount,  1,130  Kg/ha,  remained  (Figure  IV. 5). 

In  the  willow  habitat,  Sal ix  spp.  comprised  69.2%  of 
all  the  stems  (Table  IV. 3).  Balsam  poplar  and  raspberry  were 
the  next  most  common  species.  After  leaf  abscission,  leaf 
litter  contributed  a  small  amount  to  the  overall  biomass  in 
the  willow  habitat.  Heavy  browsing  on  low  shrub  willow 
produced  hedging,  and  these  shrubs  appeared  to  be  quite 
productive.  However,  heavy  browsing  on  willow  above  4  meters 
in  height  produced  a  distinct  browse  line  and  many  stems  of 
these  stands  of  willow  were  dead. 

Forage  Qua! i ty 

Crude  Protein 

Values  for  crude  protein  content  of  major  forage  items 
are  representative  of  the  plant  parts  consumed  by  wapiti. 
Values  varied  significantly  among  forage  classes,  and  among 
seasons  ( P <  .  0 0 0 1  )  (Table  IV. 4).  Forage  protein  values  for 
all  forage  classes  were  significantly  higher  in  spring  and 
summer  than  in  fall  and  winter  ( P < . 0 5 )  (Figure  IV.6-IV.8). 
May  values,  representing  the  initiation  of  new  growth,  were 
significantly  higher  than  those  for  all  other  months. 

Protein  values  declined  with  further  growth  and  maturation 
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Table  IV. 3:  Shrub  species,  their  frequency  and  twig  yield 

in  the  willow  habitat. 


Species 

%  of  All 
Stems 

Stems  per 
Hectare 

Total  Y ield 
( twigs/hectare 

Betula  papyrifera 

.20 

86.2 

? 

Populus  balsamifera 

16.53 

6077.6 

27672.0 

Populus  tremuloides 

2.04 

862.0 

3103.4 

Salix  spp. 

69.20 

29224.0 

186637.7 

Cornus  stolonifera 

1  .02 

344.8 

1034.5 

Corylus  cornuta 

.41 

172.4 

344.8 

Rubus  hi r te 1 1 um 

3.06 

1034.5 

344.8 

Rubus  melanolasius 

7.55 

3189.7 

13017.0 

TOTAL 

40991.0 

219150.0 

■ 


Percent  crude  protein  (N 
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Figure  IV. 6  Monthly  variation  in  crude  protein  content 
(Nx6.25)  of  graminoid  samples  (means  and  S.E.). 
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Figure  IV. 7  Monthly  variation  in  crude  protein  content 
(Nx6.25)  of  browse  samples  (means  and  S.E.). 
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Figure  IV. 8  Monthly  variation  in  crude  protein  content 
( Nx6 . 25 )  of  forb  samples  (means  and  S.E.). 
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Figure  IV. 9  Seasonal  variation  in  the  in  vitro  dry  matter 
digestibility  of  graminoids,  browse,  and  forb  samples  (means 
and  S . E . ) . 
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during  summer,  and  then  again  with  senescence  in  fall. 

Change  in  protein  content  during  winter  was  variable,  though 
generally  less  than  at  other  seasons. 

The  protein  content  of  grasses,  browse,  and  forbs 
varied  during  the  year  from  5.6%  to  21.0%,  5.8%  to  25.0%, 
and  5.5%  to  21.7%,  respectively.  During  fall,  grasses  and 
forbs  had  significantly  higher  protein  content  than  did 
browse  ( P  < . 05 )  .  In  winter  and  spring,  forbs  contained  more 
crude  protein  than  the  other  forage  classes.  However,  in 
late  spring,  after  leafing  out,  browse  protein  values  were 
the  highest.  There  were  no  significant  differences  among 
forage  classes  during  the  summer. 

Grasses  maintained  in  a  state  of  regrowth  (upland  and 
lowland  areas)  had  higher  crude  protein  values  from  summer 
through  winter  than  mature  grasses  and  Carex  in  the  willow 
and  sedge  meadow  habitats. 

Winter  browse  values  included  items  such  as  tree  bark 
and  branches,  which  were  lower  in  crude  protein  content  than 
cured  leaves  or  twigs,  thus  decreasing  the  overall  value  for 
browse.  Fallen  leaves  maintained  a  relatively  high  crude 
protein  content  (^7%)  during  winter. 


In  Vitro  Digestibility 

In  vitro  digestibilities  of  forage  items  are  presented 
by  forage  class  on  a  seasonal  basis  (Figure  IV. 9,  Appendix 
8).  In  vitro  digestibility  values  were  significantly  higher 
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( P < . 0 5 )  for  all  forage  classes  during  spring  and  summer 
compared  with  fall  and  winter.  Digestibility  values  of  all 
classes  declined  by  about  25-30%  from  summer  to  early 
winter.  The  digestibility  of  forbs  was  significantly  greater 
than  grasses  and/or  browse  from  spring  through  fall  ( P  <  .  05  )  . 
In  winter  no  differences  in  digestibility  were  found  between 
forage  classes.  However,  the  digestibility  of  browse  was 
lower  than  that  of  grasses  and  forbs.  The  winter 
digestibility  values  for  browse  were  calculated  from 
December  samples.  A  few  samples  collected  during  late  winter 
suggested  that  browse  digestibility  declined  further  by 
about  10-15%.  Digestibility  of  browse  items  in  declining 
order  were  fallen  leaves>  twigs>  branches>  and  bark. 


Botanical  Diet  Composition 

Diet  composition  of  wapiti  is  expressed  as  percentages 
of  total  bites.  Since  few  significant  differences  among  the 
sex  and  age  classes  of  wapiti  were  found  at  the  forage  class 
(browse,  forbs,  grasses)  level,  the  results  are  presented  as 
the  average  for  all  animals.  Diets  of  the  four  sex-age 
classes  are  given  in  Appendix  9-11,  recording  times  and 
number  of  bites  the  data  is  based  on  are  given  in  Appendix 
17  and  18,  respectively.  Differences  in  the  use  of  forage 
species  among  the  classes  of  wapiti  occurred,  although  there 
was  as  much  variation  within  a  group  as  among  groups.  Diets 
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WILLOW 


Figure  IV, 10  Forage  class  composition  (graminoids,  forbs 
browse)  of  wapiti  diets  in  the  willow  habitat. 
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Figure  IV.  11  Forage  class  composition  (graminoids,  forbs, 
browse)  of  wapiti  diets  in  the  poplar  forest  habitat. 
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UPLAND  GRASSLAND 


Figure  IV. 12  Forage  class  composition  (graminoids,  forbs 
browse)  of  wapiti  diets  in  the  upland  grassland. 


LOWLAND  GRASSLAND 


Figure  IV. 13  Forage  class  composition  (graminoids,  forbs 
browse)  of  wapiti  diets  in  the  lowland  grassland. 
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SEDGE  MEADOW 


Figure  IV. 14  Forage  class  composition  (graminoids,  forbs , 
browse)  of  wapiti  diets  in  the  sedge  meadows. 
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Figure  IV. 15  Seasonal  dry  weight  diet  composition  of  wapiti 
in  the  five  habitats. 
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varied  significantly  among  seasons  and  habitats  ( P < . 00 1  )  .  A 
significance  level  of  P=.05  was  used  to  evaluate  the 
following  differences  among  diet  composition  in  relation  to 
season  and  habitat. 

Browse  consumption  was  significantly  greater  in  the 
poplar  forest  and  willow  habitats  than  other  habitats  during 
all  seasons  (Figure  I V . 1 0- I V . 1 4 ) .  Graminoids  were  consumed 
significantly  more  in  the  sedge  meadow  and  lowland  grassland 
during  fall  to  spring  than  in  other  habitats.  Use  of  grasses 
on  the  upland  areas  during  winter  was  also  significantly 
greater  than  in  the  willow  and  poplar  forest  habitats. 

During  summer,  use  of  grasses  was  greatest  in  the  grassland 
areas.  Forb  consumption  was  more  variable,  being 
significantly  greater  in  the  upland  grassland  and  willow 
habitats  during  fall,  in  the  lowland  grassland  and  willow 
areas  during  winter,  in  the  poplar  forest  and  upland 
grasslands  during  spring,  and  in  the  sedge  meadows,  upland 
grassland,  and  poplar  forest  during  summer. 

Seasonal  diet  composition,  expressed  as  a  percentage  of 
dry  weight  of  forage  classes  is  presented  in  Figure  IV. 15. 
Trends  are  similar  to  those  based  on  percentage  of  bites. 
Forbs,  however,  comprised  a  larger  portion  of  the  lowland 
grassland  diet  in  winter. 

Seasonal  trends  in  diet  selection  are  discussed  below. 
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Wi 1  low  Habi tat 

Spr i ng 

Graminoids  (predominantly  new  growth  of  sedge) 
dominated  the  majority  of  the  wapiti's  spring  diet  in 
the  willow  habitat,  averaging  78%  of  the  total  forage 
consumed  (Table  IV.  5).  Use  of  browse  was  limited  in 
April  as  leaf  flush  had  not  yet  occurred.  Browse  use 
increased  in  May  to  form  24.4%  of  the  diet;  most 
frequently  consumed  was  willow.  Honeysuckle  (Lonicera 
i nvol ucrata) ,  raspberry,  and  gooseberry  (Rubus 
hirtellum)  were  of  secondary  importance.  Forbs 
contributed  3%  of  the  spring  diet  in  April.  Numerous 
forbs  contributed  small  amounts  to  the  May  diet;  yellow 
avens  (Geum  al lepicum)  appeared  to  be  the  most  important 
new  growth. 


Summer 

By  summer,  consumption  of  sedge  and  grasses  in  the 
willow  habitat  had  declined  greatly,  averaging  1.9%  of 
the  diet.  This  decline  in  use,  especially  of  sedge,  is 
attributable  to  its  advanced  growth  stage,  rendering  it 
relatively  unpalatable  to  wapiti.  Leaf  flush  of  browse 
species  (willow  and  balsam)  occurred  during  late 
spring-early  summer.  The  result  was  a  shift  in  diet 
composition  of  mainly  graminoids  in  spring  to  browse 
(83.6%)  in  summer.  Willow  dominated  the  overall  diet, 
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habitat  as  a  percentage  of  total  bites. 
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averaging  76.9%.  Birch,  balsam,  and  aspen  contributed 
small  amounts  to  the  diet.  Use  of  forbs  increased  from 
spring  to  summer  (15.1%  of  the  diet).  Although  numerous 
forbs  (^41  species)  were  consumed  by  wapiti,  those  most 
frequently  ingested  were  aster,  hemp  nettle,  and  sow 
thistle. 


Fall 

Grasses  comprised  the  major  portion  of  the  fall 
diet  in  the  willow  habitat.  Curing  of  forbs,  and  matured 
grass  and  sedge,  and  the  abscission  of  browse  leaves 
probably  all  contributed  to  the  heavy  use  of  sedge 
shoots  which  were  continuously  growing  throughout  this 
period.  Sedge  shoots  constituted  57.8%  of  the  diet. 
Consumption  of  browse  declined  to  21.6%.  Willow 
contributed  15.8%  of  the  diet;  about  2%  of  this  occurred 
as  the  ingestion  of  fallen  leaves.  Snowberry  and  balsam 
were  consumed  in  small  amounts.  The  use  of  forbs 
declined  to  12.5%  of  the  diet,  and  the  number  of  species 
of  forbs  included  in  the  diet  declined  to  12.  Thistle 
and  aster  were  consumed  most  frequently. 

Winter 

Consumption  of  graminoids  declined  during  winter, 
to  29.9%  of  the  diet.  Their  greatest  use  (61.8%)  was  in 
March  when  most  areas  were  becoming  snow- free,  exposing 


" 


. 

' 
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new  growth  of  Carex ,  which  comprised  48.1%  of  the  March 
diet.  Use  of  browse  increased  during  the  months  of 
permanent  snow  cover  (December,  January,  February)  to 
71%  of  the  diet.  During  this  period,  willow  comprised 
60.6%  of  the  diet,  but  use  declined  to  15.5%  in  March. 
Balsam  and  aspen  received  little  use  during  winter. 
Initially,  only  twigs  and  small  branches  of  browse  were 
consumed,  but  by  February  and  March  large  pieces  of 
branches  of  willow  and  balsam  were  also  consumed.  Elk 
were  observed  to  test  twigs  and  branches,  by  mouthing 
them  or  breaking  them  off,  before  ingesting  them.  Only 
green  material  was  consumed.  Few  forbs  (mainly  thistle 
and  aster)  were  taken  in  winter,  and  contributed  to  only 
1 0%  of  the  diet . 

Overall,  browse  use  was  significantly  greater  in 
summer  and  in  winter  than  spring  and  fall,  while 
consumption  of  grasses  was  significantly  greater  in 
spring  and  fall  than  in  summer  and  winter.  Forbs 
comprised  a  greater  proportion  of  the  diet  in  summer 
than  at  other  periods  of  the  year. 


Poplar  Forest 

Spr i ng 

Grasses  comprised  an  average  of  39.0%  of  the  spring 
diet  in  the  poplar  forest  (Table  IV. 6).  Elk  selected  for 
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grass  blades  that  had  remained  green  over  winter  and  for 
new  growth.  A  trace  amount  of  sedge,  which  occurred  in 
some  of  the  depressions!  areas,  was  also  consumed.  In 
early  spring,  browse  comprised  the  major  part  of  the 
diet,  57.5%.  Fallen  leaves  accounted  for  51.5%  of  this 
amount,  as  leafing  out  of  browse  species  had  not  yet 
occurred.  E1K  tended  to  move  quickly  through  forested 
areas,  spending  little  of  their  overall  early  spring 
foraging  time  there.  With  leaf  flush  in  May,  wapiti 
rarely  consumed  old  leaves.  New  browse  growth  averaged 
31%  of  the  diet.  Honeysuckle,  one  of  the  earliest 
species  to  leaf  out,  comprised  11.6%  of  the  diet  in  May. 
Raspberry,  rose,  hazel,  gooseberry,  and  snowberry  were 
also  important  in  the  diet.  Forb  consumption  was  low  in 
April,  and  consisted  mainly  of  cured  or  evergreen 
species.  In  May,  use  of  forbs  increased  to  comprise 
31.3%  of  the  diet.  About  34  forbs  were  observed  in  the 
diet.  Tall  lungwort,  strawberry,  dandelion,  peavine, 
lily  ( Maianthemum  canadense) ,  and  violet  were  the  most 
frequently  consumed  items.  Morel  mushrooms  were 
infrequently  included  in  the  diet. 


Summer 

Use  of  the  poplar  forest  for  foraging  continued  to 
increase  from  later  spring  into  summer.  With  the 
increase  in  availability  of  new  browse  leaves  and  forbs, 
use  of  grasses  declined  to  5.6%  of  the  summer  diet. 
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Browse  increased  gradually  in  the  diet  during  summer, 
averaging  41.4%  of  the  diet.  The  number  of  browse 
species  included  in  the  summer  diet  (16)  remained  about 
the  same  as  in  the  spring  diet.  Hazel  received  heaviest 
use  in  early  (17.8%)  and  mid  (10.7%)  summer,  declining 
in  late  summer  to  only  2.3%  of  the  diet.  Saskatoon 
averaged  6.2%  of  the  diet,  receiving  greater  use  in  the 
latter  parts  of  the  summer.  Rose  averaged  6.3%  of  the 
summer  diet,  and  was  the  most  frequently  consumed 
species  in  August  (14.2%).  Aspen,  raspberry,  dogwood, 
and  willow  contributed  small  amounts  to  the  diet.  Low 
availability  of  aspen  may  have  limited  its  consumption, 
as  wapiti  selected  strongly  for  aspen  leaves.  During 
summer  storms,  when  terminal  twigs  and  branches  of  aspen 
and  balsam  were  broken  by  wind,  wapiti  moved  through  the 
forest  selecting  for  leaves  of  these  species.  Even  after 
the  leaves  were  dried,  wapiti  generally  consumed  them 
whenever  they  were  encountered.  Aspen  leaves  were  taken 
in  preference  to  balsam  leaves.  Adult  males  were 
occasionally  observed  to  break  down  small  aspen  trees 
and  consume  the  leaves,  and  adult  females  were 
infrequently  observed  to  stand  on  their  hind  legs  to 
reach  aspen  leaves. 

The  frequency  of  occurrence  of  forbs  in  the  diet 
peaked  in  June  at  58.2%,  then  gradually  declined  during 
the  summer  to  49.2%.  Although  numerous  forb  species  were 
included  in  the  diet,  few  contributed  more  than  1%  of 
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the  diet.  The  most  common  forbs  in  the  summer  diet  were 
peavine,  aster,  dandelion,  violet,  sar sapar i 1 1  a ,  tall 
lungwort,  vetch,  and  strawberry. 

Mushrooms  were  generally  consumed  when  encountered 
and  actively  sought.  The  wapiti  appeared  to  be  capable 
of  smelling  mushrooms  which  had  not  yet  emerged;  these 
were  exposed  with  the  muzzle,  and  then  ingested.  The  low 
abundance  of  mushrooms,  however,  prevented  any 
significant  contribution  to  the  diet.  Palleson  (1979) 
found  mushrooms  included  in  wapiti  diets  to  be  highly 
digestible  and  high  in  protein  and  phospherous.  Being 
70-90%  water,  however,  large  volumes  would  have  to  be 
consumed  to  obtain  substancial  benefit  from  this  forage 
source . 


Fall 

Browse  dominated  the  fall  diet  in  the  poplar 
forest,  averaging  61.1%.  With  leaf  abscission  in 
October,  abundant  leaves  (mainly  aspen  and  balsam) 
covered  the  forest  floor.  The  high  availability  of  this 
forage  supply  was  reflected  in  the  diet,  as  fallen 
leaves  comprised  52.3%  of  the  diet.  The  leaves  were 
licked  up  non-select ively ,  though  wapiti  often  foraged 
around  tree  trunks  where  leaves  were  more  abundant.  In 
October,  little  browsing  on  twigs  occurred.  During 
November,  use  of  twigs  increased.  The  most  frequently 
ingested  species  were  hazel,  aspen,  saskatoon,  and 
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balsam  poplar.  Fallen  twigs  were  occasionally  ingested. 

Grasses,  mainly  brome  and  bluegrass,  averaged  30.3% 
of  the  fall  diet.  Green  grasses  were  selected  over  cured 
grasses.  Forb  use  dropped  to  an  average  of  16.9%,  and 
could  be  related  to  the  curing  of  most  forbs,  and  by  the 
cover  of  leaf  litter.  Bunchberry,  a  relatively  abundant 
forb  that  cured  later  than  other  species,  averaged  6.9% 
of  the  diet.  Although  14  other  forb  species  were 
recorded  in  the  diet,  they  contributed  only  minor 
amounts  to  the  diet.  Wintergreen  ( Pyrol a  spp . )  and 
twinf lower  (Linnaea  borealis),  despite  their  evergreen 
foliage  and  abundance,  were  rarely  consumed.  Lichens  and 
fungi  were  consumed  in  trace  amounts. 


Winter 

Browse  consumption  increased  during  winter  to 
comprise  80.9%  of  the  diet.  The  increase  in  the  use  of 
browse  could  not  be  related  to  snow  cover,  as  fallen 
leaves  were  still  the  predominant  form  of  browse 
ingested,  65.9%  of  the  diet.  When  foraging  in  the  poplar 
forest,  wapiti  spent  much  of  their  time  cratering  for 
leaves.  Foraging  activities  were  centered  in  areas  of 
high  leaf  abundance  (around  tree  trunks)  or 
accessibility  (previous  craters,  snow-free  areas).  Heavy 
browsing  pressure  inflicted  on  the  area  by  wapiti,  moose 
and  deer,  and  shallow  snow  depths  that  allowed  efficient, 
cratering  were  probably  the  main  factors  resulting  in 
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low  use  of  other  browse  forms  (twigs,  branches).  Browse 
species  contributing  to  1%  or  more  of  the  diet  were 
aspen  and  balsam  poplar,  hazel,  saskatoon,  and 
gooseberry.  In  early  winter  only  the  current  annual 
growth  of  most  shrubs  was  consumed.  As  winter 
progressed,  and  browse  availability  decl i ned , .  por t ions 
of  stems  and  branches  were  also  consumed.  Besides  the 
consumption  of  fallen  leaves,  aspen  and  balsam  poplar 
twigs  and  branches  were  included  in  the  diet  mainly  as  a 
result  of  adult  males  bending  and  breaking  down  small 
trees.  Generally,  all  ingestible  parts  of  the  trees  were 
consumed.  Branches  extending  3  m  or  more  in  length  and 
up  to  2  cm  in  diameter  were  ingested.  Cows  and  calves 
were  often  observed  at  broken  tree  sites,  feeding  on 
twigs  and  branches.  A  sample  of  20  aspen  and  20  balsam 
trees,  with  similiar  diameters  to  those  broken  down  by 
wapiti,  were  cut  down  and  the  portion  of  dry  weight 
available  to  the  wapiti  was  estimated  (373  gm/tree  for 
aspen  and  325  gm/tree  for  balsam).  Trees  broken  down  by 
moose  were  also  used  by  wapiti. 

Wapiti  occasionally  stripped  bark  from  aspen  and 
balsam  trees.  Although  barking  sites  were  distributed 
over  the  entire  study  area,  excessive  barking  resulting 
in  damage  to  trees  only  occurred  in  a  small  stand  behind 
the  corrals.  During  idle  periods,  the  wapiti  were  often 
observed  to  bark  trees  for  ingestive  and  grooming 
purposes.  As  wapiti  were  supp 1 ementa 1 1 y  fed  at  the 
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corrals  during  winter,  those  areas  in  close  proximity  to 
the  corrals  received  the  greatest  use. 

Consumption  of  grasses  declined  in  the  winter  to 
17.2%  of  the  diet.  The  most  frequent  foraging  on  grasses 
was  recorded  in  December  and  March.  Grasses  were 
generally  ingested  along  with  fallen  leaves.  Forbs  were 
a  minor  portion  (1.7%)  of  the  winter  diet.  Aster  and 
thistle  were  the  most  commonly  consumed  forbs.  Lichens 
and  fungi  were  consumed  in  trace  amounts. 

The  contribution  of  browse  to  the  diet  was 
significantly  higher  in  winter  and  fall  than  in  the 
other  seasons.  Forb  use  was  significantly  higher  in  the 
summer  and  the  spring,  while  grasses  were  consumed 
significantly  more  in  spring  and  winter  than  other 
seasons . 


Upland  Grassland 
Spring 

Grasses,  mainly  bluegrass,  comprised  84.0%  of  the 
spring  diet  in  the  upland  habitat  (Table  IV. 7).  The  low 
height  of  new  grasses  on  this  area  prevented  any 
selection  for  green  leaf  in  the  spring  diet.  Thus,  cured 
grasses  still  comprised  a  large  portion  of  the  early 
spring  diet.  Due  to  their  low  availability  in  early 
spring,  forbs  comprised  less  than  1%  of  the  April  diet. 
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Wapiti  diets  In  the  upland  grassland  as  a  percentage  of  total  bites. 
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However,  they  increased  in  the  May  diet  to  30.8%. 
Dandelion  accounted  for  18%  of  the  diet  in  May,  followed 
by  strawberry,  clover,  aster,  and  yarrow.  Browse 
contributed  trace  amounts  to  the  diet  due  to  low 
availability.  The  upland  grasslands  were  only 
occasionally  used  in  early  spring  due  to  the  low  forage 
availability.  With  an  increase  in  forage  abundance  in 
late  spring,  the  uplands  became  a  preferred  foraging 
area . 


Summer 

The  uplands  continued  to  be  a  preferred  habitat  for 
wapiti  foraging  during  the  summer.  The  consumption  of 
grasses  declined  to  45%.  This  coincided  with  increased 
selection  for  forbs  (57%  of  the  diet).  Dandelion  was  the 
most  frequently  consumed  forb  in  June  (36.2%); 
comprising  25%  of  the  summer  diet.  Clover  constituted 
22.5%  of  the  summer  diet,  reaching  a  high  in  August  of 
31.1%.  Aster  and  strawberry  comprised  5%  and  2%  of  the 
diet,  respectively.  Browse  consumption  remained  low 
(  1%)  . 

Fal  1 

Wapiti  continued  to  spend  much  of  their  foraging 
time  on  the  upland  grasslands  during  the  fall. 
Consumption  of  grasses  increased  in  the  fall  to  59%  of 
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the  diet.  Forbs  comprised  40.9%  of  the  diet  and  use  of 
forb  species  was  related  to  curing.  Clover,  which 
continued  to  grow  during  fall,  contributed  25.4%,  while 
dandelion,  which  cured  earlier,  decreased  to  10.2%  of 
the  diet.  Consumption  of  browse  remained  low,  and  the 
only  species  used  was  snowberry  which  retained  its 
leaves  longer  than  most  other  species. 


Winter 

Foraging  in  the  uplands  decreased  during  winter, 
and  occurred  mainly  during  periods  of  shallow  snow  or  on 
snow- free  areas.  When  snow  was  deep,  wapiti  concentrated 
their  cratering  activities  at  the  grass  1  and- forest 
border  where  forage  abundance  appeared  to  be  greater 
than  on  the  grassland.  The  proportion  of  grasses  in  the 
diet  increased  during  winter  to  87.8%  of  the  diet.  The 
consumption  of  browse  was  greatest  during  winter, 
comprising  10%  of  the  diet.  The  increase  was  largely  due 
to  the  ingestion  of  fallen  aspen  and  balsam  poplar 
leaves.  The  occurrence  of  forbs  in  the  diet  declined 
sharply  with  permanent  snow  cover  to  2%  of  the  diet. 

This  estimate  may  be  conservative,  as  more  forbs  may 
have  been  consumed  along  with  the  grass  and  leaves  than 
could  be  accurately  observed. 

Overall,  on  the  upland  grasslands  consumption  of 
grasses  was  significantly  greater  in  spring  and  winter, 
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and  significantly  lower  in  summer.  Consumption  of  forbs 
was  significantly  greater  in  summer  and  fall,  and  lower 
in  winter.  Browse  use,  though  always  low,  was 
significantly  greater  in  winter,  due  to  the  ingestion  of 
fallen  1  eaves . 


Lowland  Grassland 
Spr i ng 

Grasses  formed  the  major  portion,  95%,  of  the 
spring  diet  in  the  lowland  grasslands  (Table  IV. 8). 

Grass  growth  began  earlier  in  the  lowlands  than  on  the 
upland  grassland.  E1K  selected  new,  scattered  blades  of 
grass  from  amongst  weathered  vegetation.  Consumption  of 
forbs  was  low,  averaging  3.3%  of  the  diet.  Although  many 
forb  species  contributed  to  the  May  value  (*>23%), 
dandelion  and  hemp  nettle  accounted  for  over  50%.  of  the 
bites.  Little  browse  was  available,  resulting  in  browse 
comprising  <1%  of  the  diet. 


Summer 

During  the  summer,  the  lowland  grassland  received 
sporadic  heavy  use  by  wapiti.  The  frequency  of  grasses 
in  the  diet  declined  during  summer,  to  68.5%.  Most  grass 
consumption  occurred  on  regrazed  regions.  The 
consumption  of  forbs  reached  a  maximum  in  July  (38.6%  of 


. 


' 


. 


. 


Table  IV. 8:  Wapiti  diets  in  the  lowland  grassland  habitat  as  a  percentage  of  total  bites. 
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the  diet).  Forbs  averaged  29.7%  of  the  summer  diet. 
Clover,  aster,  hemp  nettle,  dandelion,  thistle,  and 
nettle  were  the  most  commonly  consumed  forbs. 
Consumption  of  browse  increased  slightly  to  1.7%  of  the 
diet. 


Fal  1 

Foraging  in  the  lowland  grasslands  increased  during 
fall.  Grasses  comprised  89.5%  of  the  fall  diet.  Wapiti 
selected  for  green  grass  leaf  when  possible.  Forb 
consumption  declined  to  10.3%  of  the  diet.  Thistle  was 
the  most  abundant  forb  and  also  the  most  commonly  used 
forb.  Both  green  and  cured  thistle  were  consumed,  and 
leaves  were  selected  over  stems.  Only  trace  amounts  of 
browse  were  taken. 


Winter 

Consumption  of  grasses  decreased  over  winter  to 
69.5%  of  the  diet  coincident  with  a  decline  in 
availability  of  grasses.  Wapiti  selected  thistle  patches 
for  foraging,  resulting  in  thistle  composing  26.1%  of 
the  diet.  Few  other  forbs  were  consumed.  Use  of  browse 
was  low  (3.6%  of  the  diet).  Balsam  poplar  twigs  and 
fallen  aspen  and  balsam  leaves  were  the  most  frequent 
browses  consumed. 
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Browse  consumption  was  significantly  greater  in 
winter  than  at  other  times  of  the  year,  and 
significantly  lower  in  spring  and  fall  than  in  winter 
and  summer .  Forb  use  was  significantly  greater  in  summer 
and  winter  than  in  spring  and  fall,  while  use  of  grasses 
was  significantly  greater  in  spring  and  fall  than  in 
wi nter  or  summer . 


Sedge  Meadows 
Spr i ng 

Wapiti  concentrated  much  of  their  early  spring 
foraging  in  the  sedge  meadows.  Growth  of  vegetation 
began  in  this  habitat  earlier  than  in  others.  Sedge 
shoots  comprised  almost  the  entire  spring  diet  (98.3%) 
(Table  IV.9).  Consumption  of  forbs  and  browse  was 
minima  1 . 


Summer 

Foraging  in  the  sedge  habitat  declined  sharply  as 
summer  progressed.  Carex  formed  15%  of  the  June  diet, 
but  was  not  consumed  in  late  summer.  Decline  in  use  of 
Carex  coincided  with  advancing  growth  stage.  Cattail 
shoots  were  occasionally  consumed  in  the  sedge  meadows 
Browse  (willow)  contributed  2.4%  to  the  summer  diet. 
Twenty-one  forb  species  formed  89%  of  the  diet.  Asters 
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percentage  of  total  bites. 
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comprised  over  half  of  the  diet,  followed  by  water 
smartweed,  sow  thistle,  and  hedge  nettle. 
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Fall 

Low  abundance  and  curing  of  grasses  on  the 
grasslands  resulted  in  a  return  to  the  consumption  of 
sedge  shoots  in  the  meadows  during  fall.  New  growth  of 
sedge  was  avidly  consumed  (99%  of  the  fall  diet).  Curing 
forbs  were  consumed  infrequently.  Browse  contributed 
only  1%  to  the  fall  diet. 


Winter 

In  winter,  the  sedge  habitat  was  generally  used  as 
a  walkway  between  forest  habitats.  Exposed  sedge  blades 
were  consumed  as  the  wapiti  passed  through  the  area. 
Cratering  for  forage  was  infrequent.  Sedge  blades 
averaged  97.0%  of  the  diet.  Forbs  averaged  2.8%  of  the 
diet,  with  the  highest  forb  use  recorded  in  December. 
Thistle  and  asters  were  the  most  commonly  consumed 
forbs . 

The  consumption  of  forbs  in  the  sedge  habitat  was 
significantly  higher  in  the  summer  than  in  all  other 
seasons.  The  reverse  was  true  for  grasses,  which  were 
used  significantly  more  in  spring,  fall,  and  winter  t-han 
in  summer.  The  overall  use  of  browse  in  the  sedge 
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meadows  was  low. 


Diet  Diversity  Index 

Diet  diversity  indices  ranged  from  0  to  3  (Table 
IV.  10).  Overall,  there  were  no  significant  differences  among 
sex  and  age  classes  of  wapiti.  For  comparisons  among 
habitats  and  seasons,  wapiti  sex-age  classes  were  combined. 
Diets  from  the  poplar  forest  regions  had  significantly 
higher  values  than  other  habitats  during  all  seasons 
( P < . 05 ) .  That  is  expected,  since  the  forest  areas  were  the 
most  diverse  in  plant  species  composition  and  structure.  The 
diet  indices  in  the  willow  habitat  were  also  significantly 
higher  ( P < . 05 )  than  those  from  the  upland  and  lowland 
grasslands,  and  the  sedge  meadows  during  all  seasons  except 
summer,  when  Sal ix  comprised  the  majority  of  the  diet  in  the 
willow  habitat.  During  summer,  the  upland  grassland  diets 
were  the  second  most  diverse. 

Diversity  indices  within  each  habitat  varied 
significantly  with  season  ( P < . 000 1 ) .  High  indices  were 
associated  with  high  species  diversity  in  the  habitat,  which 
generally  occurred  during  the  summer  (Figure  IV.  16).  Diet 
diversity  in  the  poplar  forest,  upland  grassland,  lowland 
grassland,  and  sedge  meadows  were  all  significantly  higher 
in  summer  than  at  other  times  of  the  year  (P<.05).  Lowest 
diversity  values  occurred  during  winter  in  the  poplar  forest 
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Figure  IV. 16  The  relationship  between  diet  diversity  index, 
N=£pi  log  pi,  and  the  number  of  species  or  groups  within  a 
habi tat . 
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and  upland  grassland,  during  the  spring  in  the  lowland 
grassland,  and  during  the  fall  in  the  sedge  meadows.  In  the 
willow  habitat,  strong  selection  for  Sal ix  leaves  during 
summer  resulted  in  a  diet  diversity  index  which  was 
significantly  lower  than  that  of  fall  and  winter,  despite 
higher  forage  diversity  during  the  summer.  Heavy  browsing 
pressure  in  the  willow  habitat  during  the  winter  may  have 
prevented  such  intense  selection,  resulting  in  a  wider  use 
of  forage  items. 


Foraging  Select ivi  ty 

In  the  willow  habitat,  sedges  (Carex )  were  consumed 
almost  in  proportion  to  availability  during  spring  and  fall 
(Table  IV. 11).  At  those  times,  sedges  comprised  over  90%  of 
the  diet.  During  summer ,  however,  wapiti  exhibited  a  strong 
selection  for  asters.  Water  smartweed  and  sow  thistle  were 
also  consumed  in  greater  amounts  than  they  were  available  in 
the  herbage  layer.  Sedges  and  grasses  were  seldom  eaten 
during  the  summer  period,  despite  their  large  biomass. 

In  the  poplar  forest,  grasses  were  not  selected  during 
spring  and  summer  when  more  preferred  forb  species  were 
available  (Table  IV.  12).  Peavine  was  the  forb  most 
consistently  selected  for  during  the  summer.  Other  forbs 
that  were  selected  included  tall  lungwort,  dandelion,  and 
sarsaparilla.  However,  in  fall  when  grasses  and  bunchberry 
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cured  later  than  other  herbaceous  vegetation,  they  were 
consumed  in  greater  quantities  than  expected.  Fallen  poplar 
leaves,  which  dominated  the  forest  floor  during  fall  were 
consumed  less  than  would  be  predicted  by  their  biomass. 
Saskatoon  and  honeysuckle  were  the  only  shrubs  which 
occurred  more  frequently  in  the  diet  than  their  frequency  of 
occurrence  in  the  habitat  for  an  extended  time  period  (Table 
IV.  13).  Hazel,  raspberry,  rose,  gooseberry,  chokecherry, 
dogwood,  and  snowberry  were  all  selected  for  at  some  point 
in  late  spring  or  summer. 

Forbs  (dandelion,  clover,  and  aster)  were  selected  in 
the  upland  habitat  during  the  summer  (Table  IV. 14).  While 
strawberry  was  consumed  less  than  it  was  available  in  the 
habitat.  Grasses  were  generally  consumed  less  than  expected. 

Grasses,  in  the  lowland  habitat,  tended  to  be  consumed 
in  slightly  larger  amounts  than  they  occurred  in  the  habitat 
(Table  IV. 15).  This  selection  decreased  when  more  preferred 
forbs  (dandelion,  sow  thistle,  clover,  and  hemp  nettle)  were 
available.  Thistle,  though  comprising  a  significant 
proportion  of  the  lowland  biomass,  was  generally  not 
included  in  the  summer  diet.  During  fall,  thistle  was 
consumed  less  than  expected. 

In  the  sedge  habitat,  Carex  was  consumed  almost  in 
proportion  to  its  availability  in  spring  and  fall  (Table 
IV.  16).  In  the  summer,  however,  Carex  was  rarely  consumed 
despite  i ts - predomi nant  biomass.  A  few  species  of  forbs  - 
aster,  smartweed,  and  sow  thistle  -  were  strongly  selected. 
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Other  species,  such  as  mint,  were  generally  not  included  in 
the  diet  despite  their  availability. 

Diet  Qua! i ty 

Dietary  Crude  Protein 

Dietary  crude  protein  exhibited  seasonal  (Table  IV.  17, 
Figure  IV.  17)  trends  similar  to  forage  crude  protein  levels 
(Table  IV. 5,  Figure  IV. 6-8).  Diet  quality  varied 
significantly  with  season  and  habitat  ( P  <  .  0  0  0 1 )  ,  being 
greater  in  spring  and  summer  than  in  fall  and  wi nter ( P< . 05 ) . 
Dietary  protein  increased  greatly  during  spring,  to  16.9% 
for  all  habitats.  Increases  in  diet  quality  during  spring 
corresponded  to  new  growth  of  grasses  and  sedge  shoots. 
Wapiti  diets  in  the  poplar  forest  diet  contained  many  fallen 
leaves  in  April  and  had  a  significantly  lower  quality  value 
than  the  other  habitats.  With  green-up  occurring  in  all 
habitats  in  May,  diet  quality  reached  its  peak,  with  little 
difference  among  habitats. 

Crude  protein  concentrations  of  summer  diets  in  the 
poplar  forest  (18.0%),  and  sedge  meadows  (17.9%),  were 
significantly  greater  than  values  for  the  willow  diet 
(16.7%),  and  the  upland  grassland  diet  (16.5%)  (P<.05). 

Diet  quality  declined  across  habitats  by  16%  during 
fall  to  average  10.9%.  Fall  dietary  crude  protein  levels 
were  significantly  higher  in  the  lowland  grassland  (14.1%), 
followed  by  the  upland  grassland  (12.5%),  habitats  than  in 
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Figure  IV. 17  Annual  variation  in  dietary  crude  protein 
( Nx6 . 25 )  in  the  five  habitat  types. 
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other  habitats  (  P  <  .  05 )  .  Poplar  forest  diets  were 
significantly  lower  in  crude  protein  (7.8%)  at  this  time. 

During  winter,  diet  quality  in  most  habitats  remained 
relatively  constant.  The  greatest  variation  occurred  in  the 
lowland  grassland  where  protein  content  declined  by  about 
48%  from  December  to  February.  Despite  this,  the  lowland 
grassland  winter  diet  quality  (9.3%)  was  significantly 
greater  than  the  diet  quality  in  the  other  habitats  ( P  < .  05 )  . 
Thistle,  which  contained  large  amounts  of  crude  protein 
during  much  of  the  winter,  comprised  a  large  proportion  of 
the  lowland  diet.  Diet  quality  in  the  sedge  meadows  was 
significantly  lower  than  in  the  other  habitats,  and  was 
reflected  in  the  low  use  of  this  habitat  during  winter.  No 
significant  differences  were  found  among  forest,  upland 
grassland,  and  willow  diet  quality  values  during  winter, 
which  averaged  7.1%  crude  protein. 


Fecal  Protein 

Fecal  crude  protein  peaked  in  June  then  declined 
through  the  remainder  of  the  year,  being  significantly 
higher  in  spring  and  summer  than  fall  and  winter  ( P < . 000 1 ) 
(Figure  IV. 18).  Although  fecal  crude  protein  followed  the 
same  seasonal  trend  as  diet  quality,  it  consistantly 
overestimated  dietary  crude  protein  except  in  May.  However, 
the  degree  of  overestimation  among  months  was  variable. 
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Figure  IV. 18  Monthly  variation  in  fecal  crude  protein 
(Nx6.25),  means  and  S.E.,  as  compared  with  monthly 
variation  in  dietary  crude  protein  (Nx6.25). 
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Acid  detergent  fiber  content  of  the  feces  was  greater 
in  the  fall  and  winter  months  than  in  the  spring  and  summer 
(Table  IV. 18).  Lignin  content  increased  from  spring  through 
summer,  then  declined  during  fall.  However,  the  largest 
value  was  recorded  for  the  December  sample.  Cellulose 
content  was  variable,  though  fall  and  winter  cellulose 
values  were  generally  higher  than  those  of  spring  and 
summer.  Acid  detergent  fiber,  cellulose,  and  lignin 
concentrations  tended  to  increase  during  fall  and  early 
winter  when  dry  matter  digestibility  of  forages  decreased. 
Ash  content  declined  from  late  spring  to  mid  summer,  then 
increased  through  fall  before  declining  again  in  the 
December  sample. 

Foraging  Efficiency 

Animals  may  employ  different  foraging  strategies  to 
satisfy  food  requirements,  and  at  least  some  features  of 
these  contrasting  strategies  can  be  deduced  from  a 
comparison  of  characteristic  patterns  of  foraging  (Novel  lie 
1978).  Rate  of  consumption  and  rate  of  movement  of  foraging 
wapiti  were  examined  for  variation  among  habitats,  seasons, 
and  sex  and  age  classes  which  may  reflect  differences  in 
foraging  strategies. 

Bites/Minute 

Bite  rate  varied  significantly  among  seasons  ( P < . 00 1 ) 
and  habitats  ( P  <  .  0  0 1  )  .  Wapiti  averaged  14.6  bites/minute 
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(b/m)  in  the  willow  habitat  over  the  year,  representing  the 
lowest  overall  bite  rate  in  any  habitat.  Bite  rate  was 
significantly  greater  in  spring  and  summer  ( P  <  .  0  5  )  , 
declining  through  fall  and  winter  to  a  low  of  4.7  b/m  in 
February  (Figure  IV.  19). 

In  the  poplar  forest,  wapiti  averaged  16.6  b/m  over  the 
year.  Bite  rate  was  significantly  greater  in  spring  than 
other  seasons,  and  the  summer  rate  was  significantly  greater 
than  that  in  fall  and  winter  ( P  < . 0  5  )  (Figure  IV. 20).  The 
lowest  value  was  recorded  for  December  (11.1  b/m), 
coinciding  with  the  first  major  snowfall.  Bite  rate  tended 
to  increase  duri/ng  winter  and  spring. 

The  average  bite  rate  of  wapiti  on  the  upland  grassland 
(33.3  b/m)  was  the  highest  overall  rate  recorded  in  any 
habitat.  Bite  rates  were  significantly  higher  in  summer  than 
any  other ‘ season  ( P <  .  05 ) ,  though  rates  remained  high  from 
late  spring  to  late  fall  (Figure  IV.21).  The  highest  rate 
was  recorded  in  August  (49  b/m).  E1K  exhibited  significantly 
lower  bite  rates  during  winter.  The  lowest  rate  occurred  in 
early  winter  and  was  related  to  the  wapiti  cratering  through 
snow  for  forage.  An  increase  in  the  bite  rate  during  late 
winter  was  attributed  to  wapiti  foraging  on  small,  snow-free 
areas  of  grassland. 

The  second  greatest  overall  bite  rate  (25.6  b/m)  was 
observed  in  the  lowland  grasslands.  Spring  and  summer  rates 
were  significantly  higher  than  fall  and  winter  rates,  and 
the  lowest  rate  was  recorded  in  mid  winter  ( P  < . 05 )  (Figure 
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IV.  19  Seasonal  variation  in  bite 
sex  and  age  classes  of  wapiti  in 


rates  (bites/minute) 
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Figure  IV. 20  Seasonal  variation  in  bite 
of  the  sex  and  age  classes  of  wapiti  in 


rates  (bites/minute) 
the  poplar  forest. 
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Figure  IV. 21  Seasonal  variation  in  bite  rates  (bites/minute) 
of  the  sex  and  age  classes  of  wapiti  in  the  upland 
grass  1  and . 
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IV. 22) . 

The  seasonal  foraging  rate  of  wapiti  varied  most  in  the 
sedge  habitat,  where  it  ranged  from  33.3  b/m  in  late  spring 
to  a  low  of  5.1  b/m  during  December  (Figure  IV.  23). 
Significantly  greater  rates  were  associated  with  wapiti 
foraging  on  green  sedge  shoots  (spring  and  fall)  ( P  < . 05  )  . 

Low  rates  were  associated  with  wapiti  foraging  on  cured 
sedge  blades  while  crossing  over  this  habitat  during  winter. 
No  rates  were  obtained  for  the  summer  as  wapiti  spent  too 
little  time  foraging  in  the  sedge  habitat  to  obtain 
representat i ve  data. 

Bite  rates  were  significantly  lower  in  the  willow  and 
poplar  forest  than  other  habitats  over  most  seasons,  and 
significantly  greater  on  the  upland  grasslands  than  other 
habitats  during  all  seasons  ( P < . 05 ) . 


Feeding  Stations 

The  number  of  feeding  stations  per  minute  followed  the 
same  pattern  as  consumption  rates  (Figure  I V . 24- I V . 28 ) . 
Values  were  generally  significantly  higher  in  spring  and 
summer  than  in  fall  and  winter  ( P < . 00 1 )  and  lowest  in 
winter.  The  average  number  of  feeding  stations  per  minute 
were  3.8/min,  3.9/min,  5.6/min,  4.3/min,  and  3.0/min  in  the 
willow,  poplar  forest,  upland,  lowland,  and  sedge  meadows, 
respectively.  Significantly  greater  values  occurred  on  the 
upland  grasslands  for  much  of  the  year  ( P < .  0 1  )  ,  though  in 
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Figure  IV. 22  Seasonal  variation  in  bite  rates  (bites/minute) 
of  the  sex  and  age  classes  of  wapiti  in  the  lowland 
grassland. 
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Figure  IV. 23  Seasonal  variation  in  bite  rates  (bites/minute) 
of  the  sex  and  age  classes  of  wapiti  in  the  sedge  meadows. 
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Figure  IV. 24  Seasonal  variation  in  feeding  stati 
the  sex  and  age  classes  of  wapiti  in  the  willow 
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Figure  IV. 25  Seasonal  variation  in  feeding  station  rates  of 
the  sex  and  age  classes  of  wapiti  in  the  poplar  forest. 


Figure  IV. 26  Seasonal  variation  in  feeding  station  rates  of 
the  sex  and  age  classes  of  wapiti  in  the  upland  grassland. 
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Figure  IV .27  Seasonal  variation  in  feeding  station  rates  of 
the  sex  and  age  classes  of  wapiti  in  the  lowland  grassland. 
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Figure  IV. 28  Seasonal  variation  in  feeding  station  rates  of 
the  sex  and  age  classes  of  wapiti  in  the  sedge  meadows. 
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fall  the  values  were  the  greatest  in  the  willow. 


Steps/Minute 

Average  rates  of  movement  while  foraging  were  8.8 
steps/minute  (s/m)  in  the  willow  habitat,  8.6  s/m  in  the 
poplar  forest,  9.5  s/m  in  the  upland  grassland,  8.9  s/m  in 
the  lowland  grassland,  and  8.4  s/m  in  the  sedge  meadows. 
Foraging  movement  tended  to  be  significantly  greater  in  the 
summer  and/or  spring  than  in  the  fall  and/or  winter  ( P < . 00 1 ) 
(Figure  I V . 29- I V . 33 ) .  Greater  rates  of  movement  corresponded 
with  greater  bite  rates.  Snow  conditions  resulted  in  a 
reduction  in  the  rate  of  movement,  as  wapiti  had  to  crater 
for  ground  level  vegetation  or  browse.  Both  these  activities 
require  more  time  than  grazing  on  snow-free  areas. 

Movement  in  the  sedge  meadows  differed  from  the  other 
areas  in  being  greater  in  winter.  Animals  spent  considerable 
time  walking  between  scattered  clumps  of  sedge  blades 
protruding  above  the  snow.  Lowest  rates  of  movement  in  this 
habitat  were  recorded  in  late  winter,  early  spring,  and  fall 
when  the  wapiti  were  grazing  intensively  on  sedge  shoots. 
Movement  during  foraging  was  apparently  related  to  the 
dispersion  of  forage  items.  Concentrated  food  sources  were 
associated  with  a  decrease  in  the  rate  of  movement,  while 
scattered  forage  items  during  winter  caused  greater 


movement . 


•  ; 


' 


. 


■ 

v 

' 


■ 


95 


16- 

z 

12- 

C/D 

8- 

OL 

LU 

- 

H- 

C 0 

4- 

o 


0  ADULT  MALE  □  ADULT  FEMALE 
0  MALE  CALF  ■  FEMALE  CALF 


SPRING - 1 - SUMMER 


Figure  IV. 29  Seasonal  variation  in  rate  of  movement 
(steps/minute)  during  foraging  of  the  sex  and  age  classes 
of  wapiti  in  the  willow  habitat. 


Figure  IV. 30  Seasonal  variation  in  rate  of  movement 
(steps/minute)  during  foraging  of  the  sex  and  age  classes 
of  wapiti  in  the  poplar  forest. 
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Figure  IV. 31  Seasonal  variation  in  rate  of  movement 
(steps/minute)  during  foraging  of  the  sex  and  age  classes 
of  wapiti  in  the  upland  grassland. 
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Figure  IV. 32  Seasonal  variation  in  rate  of  movement 
(steps/minute)  during  foraging  of  the  sex  and  age  classes 
of  wapiti  in  the  lowland  grassland. 


Figure  IV. 33  Seasonal  variation  in  rate  of  movement 
(steps/minute)  during  foraging  of  the  sex  and  age  classes 
of  wapiti  in  the  sedge  meadows. 
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Other  Activity 

While  foraging,  wapiti  spent  little  time  involved  in 
other  activities  (Table  IV. 19).  In  most  habitats,  the  least 
amount  of  time  spent  in  nonforaging  activities  occurred  in 
fall  or  winter,  and  the  most  time  in  summer  or  spring.  Elk 
in  the  sedge  meadows  were  again  an  exception.  Here,  the 
least  amount  of  time  devoted  to  other  activites  while 
foraging  occurred  in  the  spring. 

Differences  in  the  overt  foraging  behavior  occurred 
among  the  sex  and  age  classes  of  wapiti,  however,  few 
consistently  significant  results  were  found.  Adult  females 
tended  to  have  the  greatest  bite  rate  during  the  summer  and 
fall.  Adult  males  tended  to  have  the  lowest  number  of 
feeding  stations  per  minute  and  the  lowest  rate  of  movement 
over  the  year  5 


Consumption  Rates 

Consumption  rates  (grams/minute;g/min)  were 
significantly  greater  in  summer  (7.8  g/min)  than  other 
seasons  for  all  habitats  (P<.0001)  (Table  IV. 20).  Winter 
values  were  the  lowest,  averaging  1.8  g/min  across  all 
habitats.  Differences  among  habitats  varied  with  season. 
Species  abundance,  diversity,  and  phenology  (which  affect 
both  bite  size  and  bite  rate)  influenced  these  differences. 
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The  interrelationships  of  bite  rate,  bite  size,  and 
consumption  rate  with  herbaceous  biomass  were  examined  for 
the  upland  and  lowland  grasslands  for  the  snow-free  period. 
Correlation  and  regression  analyses  were  used  to  establish 
appropriate  relationships.  Correlation  and  regression 
coefficients  for  bite  rates  with  biomass  were  nonsignificant 
for  both  grassland  areas,  bite  rates  remaining  relatively 
constant  as  biomass  increased  (Figure  IV. 34).  In  summer  and 
fall,  bite  rate  declined  in  the  lowland  probably  due  to 
selection  of  forbs  and  green  leaf,  respectively.  Bite  size 
increased  with  biomass  (Figure  IV. 35),  though  in  the  lowland 
it  declined  slightly  over  summer  and  fall.  Correlation 
coefficients  showed  a  good  relationship  between  biomass  and 
bite  size  (R=.84  upland;  R=.74  lowland).  Regression 
coefficients  for  these  were  significant  (R2=.71,  P<.01, 

Y  = . 0275 1  +  . 00007X  for  upland  and  R2=.54,  P < . 0 5 , 

Y= . 1 1 556+ . 0298X  for  lowland).  Consumption  rates  also  tended 
to  increase  with  increasing  biomass  (Figure  IV. 36),  showing 
a  strong  correlation  for  the  upland.  Regression  coefficient 
for  the  upland  was  significant  at  P<.005  (R2=.77, 

Y  =  - . 6397+ . 00356X )  .  In  the  upland  grassland  consumption  rates 
continued  to  increase  to  the  maximum  biomass  (2,000  Kg/ha). 
In  the  lowland  the  highest  rate  was  reached  at  about  2,300 
Kg/ha,  and  leveled  off  at  3,000  Kg/ha.  Consumption  rates 
during  the  rut  were  lower  than  other  periods  at  comparable 
biomass . 
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Figure  IV. 34  Relationship  between  bite  rate  (bites/minute) 
and  herbaceous  biomass  (Kg/ha)  in  the  upland  and  lowland 
grasslands  during  snow- free  periods. 
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Figure  IV. 35  Relationship  between  bite  size 
and  herbaceous  biomass  (Kg/ha)  in  the  upland 
grasslands  during  snow- free  periods. 
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Figure  IV. 36  Relationship  between  consumption  rates 
(grams/minute)  and  herbaceous  biomass  (Kg/ha)  in  the  upland 
and  lowland  grasslands  during  snow- free  periods. 
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Correlation  and  regression  coefficients  between 
estimated  consumption  rate  and  eating  measurements  indicate 
that  bite  size  was  the  major  factor  influencing  gram/min 
intake  ( R  = . 9 7 ,  R2=.94  for  upland;  R=.88,  R2=.78  for  lowland: 
PC. 005)  (Figure  IV. 37) . 

Snow 

Snow  influenced  diet  selection  and  foraging  rates.  Snow 
hindered  foraging  on  the  heavily  grazed  grasslands.  Elk 
rarely  cratered  on  these  areas,  as  the  vegetation  was  short 
and  difficult  to  extract.  When  snow  was  shallow  enough  to  be 
muzzled  out  of  the  way  or  when  patches  were  snow- free, 
wapiti  shifted  to  using  these  areas.  Browsing  increased  in 
winter,  but  did  not  appear  to  be  related  to  snow  depth  as 
Gates  (1980)  found.  Snow  depths  remained  below  30  cm  and 
wapiti  generally  cratered  through  it  without  difficulty.  The 
increase  in  browsing  was  mainly  due  to  the  inclusion  of 
fallen  leaves  in  the  diet.  Cratering  in  the  forest  was 
efficient  as  the  leaves  were  readily  accessible.  However, 
the  following  year  when  greater  snow  depths  were  recorded 
wapiti  appeared  to  be  browsing  above  the  snow  more  and 
cratering  less. 

Snow  resulted  in  a  decrease  in  foraging  rates,  and 
rates  were  lower  when  wapiti  had  to  crater  than  muzzle  snow 
out  of  the  way.  As  a  result,  winter  consumption  rates 
declined  greatly  from  that  of  summer  (Figure  IV. 38). 
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Figure  IV. 37  Relationship  between  bite  size  and  gram/minute 
intake  in  the  upland  and  lowland  grasslands  during  snow-free 
periods . 
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Figure  IV. 38  The  effect  of  snow  on  consumption  rates  of 
wapi  t  i. 
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Snow  removal  by  wapiti  has  been  discussed  by  Gates 
(1980).  Young  animals  were  initially  less  efficient  at 
cratering  than  adults.  They  removed  snow  by  straight 
foreward  and  backward  strokes,  rather  than  at  an  angle.  The 
result  was  for  snow  to  fall  back  into  the  crater.  Cratering 
behavior  improved  with  experience.  Cratering  efficiency  of 
wapiti  was  measured  as  the  ratio  of  crater  strokes  to  grams 
of  forage  obtained.  The  variation  in  cratering  efficiency 
among  habitats  was  evaluated  using  an  ANOVA.  Cratering 
efficiency  varied  significantly  with  habitat  (P<.001). 

Wapiti  in  the  forest  averaged  .35  grams  forage  per  crater 
stroke  (1.8  bites/stroke)  (Table  IV.21).  Wapiti  exhibited 
much  the  same  cratering  efficiency  in  the  willow,  lowland, 
and  sedge  habitats.  Although  wapiti  in  the  upland  grassland 
obtained  a  relatively  high  ratio  of  bites  per  stroke,  their 
small  bite  size  on  this  area  resulted  in  an  average  of  .09 
grams  per  stroke. 

There  was  no  altrustic  behavior  observed  at  crater 
sites  as  observed  in  caribou  (Bergerud  1972).  Adults 
displaced  calves,  and  cows  were  observed  to  displace  their 
own  calves;  though  they  would  tolerate  the  presence  of  their 
own  calf  at  a  crater  site  more  than  other  animals.  Adult 
males  tended  to  be  dominant  over  females  and  calves,  and  all 
four  sex  and  age  classes  had  separate  dominance  hierarchies. 
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Table  IV. 21:  Cratering  efficiency  (grams  intake/crater 
stroke)  of  wapiti  in  the  five  habitat  types. 


HABITAT 

December 

January 

February 

Willow 

.23 

.19 

.23 

Poplar  Forest 

.34 

.40 

.31 

Upland  Grassland 

.13 

.  12 

.01 

Lowland  Grassland 

.24 

.20 

.  14 

Sedge  Meadow 

.  19 

.20 

.21 

DISCUSSION 


Wapiti  in  boreal  habitats  live  in  a  strongly  seasonal 
environment.  They  must  contend  with  large  fluctuations  in 
forage  availability  and  quality  to  meet  nutritional 
requi rements .  Their  adaptive  foraging  strategies  enable  them 
to  adjust  best  to  available  forage  resources  (Geist  1982). 
The  diet  selection  process  is  one  means  by  which  animals, 
within  limits  of  anatomical  and  physiological  constraints, 
can  choose  diets  to  obtain  the  required  nutrients.  In  this 
study,  diet  selection  and  foraging  patterns  of  wapiti  were 
documented  and  were  examined  in  view  of  the  quantity  and 
quality  of  available  forages. 

Vegetation  Composition  and  Biomass 

Herbaceous  vegetation  biomass  tended  to  be  the  greatest 
in  areas  of  greatest  moisture  availability  -  the  sedge 
meadow,  willow,  and  lowland  habitats.  These  were  also  areas 
where  graminoids  dominated  the  herbaceous  composition.  In 
the  poplar  forest,  grasses  were  insignificant  in  biomass. 
Forbs  dominated  the  herbaceous  layer  in  the  poplar  forest 
during  summer.  Despite  a  high  diversity  of  forbs,  their 
biomass  was  small  and  much  of  the  forest  floor  was  bare 
soil.  Forbs  were  also  important  components  of  most  other 
habitats  during  summer . 

Forage  biomass  values  for  Ministik  and  other  boreal 
mixed-wood  forest  regions  (Bishoff  1981,  Telfer  and  Scotter 
1975,  Blood  1966)  are  comparable  or  higher  than  information 
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on  wapiti  ranges  in  Utah  (Collins  1979)  and  Colorado  (Hobbs 
1979).  Since  wapiti  used  all  habitat  types,  and 
concentration  of  foraging  activity  varied  among  habitats 
throughout  the  year,  the  boreal  mixed-wood  forest  has  much 
potential  for  supporting  wapiti. 

Grazing  pressure  reduced  the  height  of  herbaceous 
vegetation.  Heavily  grazed  grassland  regions  (upland 
grasslands  and  portions  of  the  lowland  grassland)  supported 
less  biomass  than  other  gr ami noi d-domi nated  habitats  where 
the  herbaceous  vegetation  was  little  used  during  the  latter 
growing  stages.  As  Carex  spp.  matured  in  the  sedge  meadows 
and  willow  habitats,  they  were  rarely  consumed.  Reedgrass, 
also  occurring  in  these  areas,  was  a  non-pref er red  graminoid 
during  the  growing  season.  As  a  result,  these  dominant 
graminoids  forms  grew  unobstructed,  for  the  most  part, 
during  the  summer. 

Grazing  patch  differences  in  one  habitat  were  also 
noticeable.  Grazed  regions  of  the  upland  and  lowland 
grasslands  were  lower  in  biomass  than  comparable  areas  that 
received  little  use.  Areas  of  low  use  were  associated  with 
old  standing  grasses  or  seasonally  unselected  species 
(thistle)  which  obscured  and  hindered  consumption  of  forage 
i terns . 

Species  composition  of  grassland  areas  could  also  be 
related  to  grazing  pressure.  Heavy  grazing  of  lowlands 
appears  to  have  decreased  the  competitive  ability  of  grasses 
and  decreased  their  ground  cover.  This  reduction  has  allowed 
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thistle,  an  opportunistic  invader,  to  form  a  significant 
portion  of  the  standing  biomass  at  the  end  of  the  growing 
season.  Once  established  on  a  site,  thistle  was  rarely  eaten 
until  fall,  resulting  in  proliferation  of  this  species. 
During  fall  and  winter,  thistle  formed  a  significant  portion 
of  the  diet  selected  by  wapiti  in  these  areas.  In  this  case, 
thistle  invasion  appeared  to  be  benefical  to  wapiti,  as  it 
increased  the  amount  of  biomass  available  for  winter  use. 

The  upland  grasslands  bear  much  of  the  grazing  pressure 
of  both  wapiti  and  bison  during  spring  through  fall  (Gates 
1980;  personal  observation).  The  result  has  been  the 
formation  of  a  plant  community  (bluegrass-clover-dandel ion ) 
that  is  maintained  in  a  state  of  regrowth  for  much  of  the 
growing  season.  Forage  quality  on  these  areas  was  probably 
increased  as  a  result  of  regrazing  (Anderson  and  Scherzinger 
1975).  However,  when  forages  began  to  cure,  animals  rapidly 
depleted  this  forage  resource.  The  low  pre-winter  biomass  on 
upland  grasslands  probably  influenced  the  low  winter  useage 
by  wapiti  in  comparison  to  when  they  were  first  introduced 
( Gates  1 980 ) . 

Browsing  pressure,  by  both  wapiti  and  moose,  can  also 
affect  the  phenology  and  composition  of  browse  species. 
Shrubs  inside  the  compound  were  lower  in  height  and  hedged 
in  comparison  to  those  outside  the  compound,  reflecting  the 
intensity  of  use.  Young  aspen  and  balsam  poplar  were  almost 
eliminated  from  the  forest  understory,  and  the  encroachment 
of  these  species  onto  the  grasslands  was  prevented.  Cairns 
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(1976)  also  found  that  browsing  pressure  at  Elk  Island 
National  Park  prevented  encroachment  of  poplar  forests  onto 
grass  1 ands . 

Forage  Qua  1 i ty 

Patterns  of  change  of  forage  quality  at  Ministik  were 
related  to  plant  phenology.  All  plants  exhibit  annual  cyclic 
fluctuations  in  growth,  nutrient  content,  texture,  and 
palatability  (Nelson  and  Leege  1982). 

Forage  crude  protein  and  digestibility  were  greatest 
during  early  stages  of  plant  growth.  The  proportion  of 
meristematic  tissue,  which  is  high  in  protein  content,  is 
greater  in  early  growth  stages  and  the  fiber  content  of  the 
plant  is  lower  than  in  more  advanced  growth  stages  (Dietz  et 
al .  1958).  As  the  plant  matures,  the  proportion  of 
structural  carbohydrates  increases,  resulting  in  a  decrease, 
in  the  concentration  of  protein  and  an  increase  in  the  fiber 
components  of  the  plant  (Dietz  et  al .  1962,  Olberg  1956, 
Burzlaff  1970,  Cook  1972,  Willard  and  Schuster  1973,  Short 
et  al  1974).  Thus,  as  forage  production  increases, 
nutritional  quality  tends  to  decline.  A  large  decrease  in 
crude  protein  content  of  all  forages  occurred  from  late 
spring  to  summer,  a  period  of  rapid  maturation.  During 
summer,  forage  crude  protein  content  declined,  though  to  a 
far  lesser  extent  and  some  forages  exhibited  slight 
increases  in  August.  This  can  be  explained  in  terms  of  plant 
phenology  and  animal  selection.  Since  heavy  grazing 
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maintained  the  grassland  areas  in  a  state  of  regrowth, 
forage  protein  concentration  on  these  areas  would  be 
expected  to  be  greater  than  on  similar  areas  in  advanced 
growth  stages  (Mackie  1970,  Hebert  1973,  Anderson  and 
Scherzi nger  1 975 ) . 

Also,  many  forage  items  exhibited  staggered  growth 
stages.  That  is,  early  growth  forms  to  advanced  reproductive 
stages  were  interspersed  throughout  the  habitats.  As  forage 
quality  was  based  on  plants  and  plant  parts  that  wapiti  were 
observed  to  ingest,  selection  for  early  growth  forms  and 
specific  plant  parts  (leaves)  reduced  the  expected  changes 
in  the  crude  protein  content.  Forage  crude  protein  content 
and  digestibility  continued  to  decline  through  fall  and 
winter.  Mature,  senescent  grasses,  which  dominated  the  sedge 
meadows  and  willow  habitats,  had  lower  protein 
concentrations  than  grasses  on  heavily  grazed  areas.  Yet 
these  lower  quality  grasses  were  included  in  the  diet  more 
as  the  biomass  on  the  grasslands  declined. 

Browse  varied  in  protein  content  and  digestibility  in 
relation  to  the  plant  part  consumed.  Cured  leaves  contained 
a  higher  concentration  of  crude  protein  and  were  more 
digestible  during  winter  than  other  parts  (twigs,  stems, 
branches,  bark). 

Forage  crude  protein  values  for  summer  at  Ministik  and 
Elk  Island  (Bishoff  1981)  were  comparable  or  slightly  lower 
than  values  recorded  on  summer  ranges  in  Utah  (Collins  1979, 
Palleson  1979),  Washington  ( Schommer  1978,  McReynolds  1977), 
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and  Colorado  (Hobbs  1979).  The  digestibility  of  forages  was 
generally  comparable  to  that  in  Utah  (Collins  1979,  Palleson 
1979)  and  Washington  (Schommer  1978).  Summer  ranges  in 
boreal  mixed-wood  and  montane  areas  generally  provide  enough 
digestible  energy  and  protein  to  meet  the  requirements  of 
wapiti.  Schommer  (1978),  however,  found  a  mid- 1  ate  summer 
period  where  deficiences  were  evident  for  cow  wapiti. 

In  winter,  digestibility  of  forages,  overall,  was 
comparable  among  ranges.  The  crude  protein  content  of  boreal 
mixed-wood  forages  remained  higher  than  that  of  most  montane 
regions.  McReynolds  (1977)  found  forage  crude  protein  to 
exceed  minimum  requirements  year  round,  though  Hobbs  (1979) 
and  Schommer  (1978)  found  forage  crude  protein  to  be  close 
to  or  below  critical  levels  (  5%).  Bishoff  (1981)  and 
results  from  my  study  suggest  that  boreal  mixed-wood  forest 
contains  forage  of  adequate  quality  to  provide  for  winter 
requirements  (see  Nelson  and  Leege  1982).  Bishoff  (1981) 
points  out,  however,  that  overstocking  can  lead  to 
overbrowsi ng .  The  inclusion  of  2-3  year  old  wood  (of  lower 
forage  quality)  in  the  diet  would  probably  not  provide 
adequate  winter  nutrition. 

Seasonal  Diet 

Elk  consumed  a  wide  variety  of  forage  species 
throughout  the  year.  However,  only  a  few  forages  were  major 
items  in  the  diets  in  each  habitat.  Forage  selection  varied 
with  forage  availability,  and  with  species  diversity  and 
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relative  abundances  in  the  habitats  over  the  year.  The 
seasonal  diet  of  wapiti  at  Ministik  followed  similar  trends 
to  previous  diet  studies  in  the  boreal  forest  regions 
(Holsworth  1960,  Blood  1966,  Telfer  and  Cairns  1979,  Gates 
1980).  In  comparison  to  Montane  ranges  (Boyd  1970,  Constan 
1972,  Cowan  1947,  Hansen  and  Reid  1975,.  Kirsh  1962,  Knight 
1970,  Mackie  1970,  Marcum  1979,  Morris  and  Schwartz  1957, 
Murie  1951,  Singer  1979,  Stevens  1966),  wapiti  in  the  boreal 
mixed-wood  tend  to  include  more  browse  in  their  diets,  and 
browse  becomes  the  major  component  in  winter. 

Spring 

Grasses  were  the  major  components  in  the  spring  diets 
in  most  habitats.  In  the  forest  habitat,  where  grass  biomass 
was  small,  grasses  formed  a  lesser  portion  of  the  diet. 
Sedges  were  most  heavily  used  in  early  spring.  Sedges 
initiate  growth  earlier  than  other  forages,  and  the  shoots 
can  be  selected  from  the  surrounding  cured,  and  rotting 
vegetation.  As  grasses,  mainly  bluegrass  and  brome, 
green-up,  wapiti  consumed  these  in  preference  to  sedges. 

Summer 

Browse  and  forbs  were  important  components  in  the 
summer  diets  of  wapiti  in  habitats  where  their  availability 
was  high.  In  heavily  forested  regions,  browse  may  dominate 
the  summer  diet  (Blood  1966,  Hunt  1979),  whereas  in  habitats 
similar  to  Ministik  (Elk  Island)  Holsworth  (1960)  estimated 
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forbs  to  comprise  the  majority  of  the  diet.  Forb  species 
that  were  selected  at  other  locations,  as  well  as  Ministik, 
include  asters,  peavines,  dandelion,  and  sow  thistle.  Clover 
was  frequently  consumed  on  open,  grazed  grassland  areas  at 
Ministik  and  at  Elk  Island  (Holsworth  1960). 

Willow  (Sal ix  spp. )  was  strongly  selected  in  the  willow 
habitat  during  the  summer.  At  other  locations  where  willow 
is  present,  wapiti  also  include  it  in  their  diet  (Kufeld 
1973).  Aspen,  which  is  an  important  browse  in  similar  areas 
(Holsworth  1960,  Blood  1966,  Hunt  1979),  was  not  a  major 
component  of  the  summer  diet  at  Ministik.  Low  availability 
of  young  trees  was  probably  the  limiting  factor.  Most  small 
trees  in  the  size  range  that  could  be  browsed  by  wapiti  were 
broken  down  or  previously  heavily  browsed  by  moose  and 
wapiti.  When  aspen  leaves  were  made  available  (blown  down  by 
winds),  they  were  actively  selected.  Shrubs  which  were 
browsed  the  most  frequently  were  those  which  occurred  most 
frequently  in  the  understory  (hazel,  rose,  raspberry, 
saskatoon).  Gates  (1980)  reported  that  dogwood  and 
chokecherry  were  important  browse  species  at  Ministik  when 
wapiti  were  first  introduced.  Although  wapiti  avidly 
consumed  these  species  when  encountered,  they  contributed 
little,  overall,  to  the  diet.  Heavy  use  in  the  past  may  have 
resulted  in  these  species  being  overbrowsed. 
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Fall 

Blood  (1966)  and  Hunt  (1979)  reported  browse  to  be  the 
major  component  of  the  wapiti  fall  diet  in  eastern  parts  of 
the  boreal  mixed-wood  forest.  However,  at  Ministik  grasses 
were  the  major  diet  components  in  most  habitats.  Green  sedge 
shoots  were  again  consumed  in  the  sedge  meadows  and  willow 
habitat.  On  grassland  areas,  grasses  increased  in  importance 
in  the  diet  as  forbs  began  to  cure.  Browse,  however,  was  the 
main  forage  class  consumed  in  the  poplar  forest.  Fallen 
leaves,  mainly  those  of  aspen  and  balsam,  comprised  the 
majority  of  the  forest  diet.  Although  observations  of  wapiti 
consuming  fallen  leaves  had  not  been  reported  before  at 
Ministik,  Holsworth  (1960)  found  that  the  winter  diets  of 
wapiti  at  Elk  Island  included  20%  litter  which  included 
fallen  leaves.  Hobbs  (1979)  also  reported  that  wapiti  in 
Colorado  frequently  consumed  aspen  leaves  when  in  the  aspen 
forest  habitat.  Moose  at  Ministik  also  spent  much  of  the 
early  winter  1982  foraging  on  fallen  leaves  (personal 
observation).  The  relatively  large  biomass  and  forage 
quality  of  fallen  leaves  suggest  that  they  are  a  valuable 
diet  component. 

Winter 

Grasses  were  the  major  components  of  the  diets  in  the 
grassland  and  meadow  areas  during  winter.  Gates  (1980) 
reported  that,  overall,  wapiti  spent  more  time  grazing  in 
the  winter  than  browsing.  However,  wapiti  foraging  was 
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largely  concentrated  in  willow  and  forest  habitats  during 
the  1980-1981  winter,  probably  as  a  result  of  low  biomass  on 
the  preferred  grassland  areas.  Thus,  browse  appeared  to  be 
the  most  important  winter  forage,  as  was  found  to  be  the 
case  in  most  boreal  mixed-wood  forest  studies  (Blood  1966, 
Hunt  1979,  Telfer  and  Cairns  1979).  Fallen  leaves,  again, 
were  the  most  frequent  browse  consumed. 


Aggregate  Seasonal  Diet 

A  total  diet  was  estimated  for  each  season  using  Gate' s 
(1980)  habitat  selection  data  for  wapiti  at  MinistiK. 
Seasonal  diet  composition  for  each  habitat  was  multiplied  by 
the  fraction  of  time  wapiti  spent  foraging  in  these 
habitats.  Values  were  then  added  for  all  habitats  within  one 
season  (Figure  V.1).  Grasses  dominated  the  diet  over  most  of 
the  year.  Forbs  became  the  major  component  of  the  diet 
during  summer.  Browse  consumption  was  relatively  low  (^20%) 
except  during  winter  when  it  accounted  for  one- third  of  the 
diet.  Caution  must  be  taken  when  interpreting  these  results. 
Changes  in  habitat  selection  since  Gates'  (1980)  study  were 
evident  during  the  1980-1981  winter.  Wapiti  spent  less  time 
foraging  on  the  upland  grasslands  and  more  in  the  forest  and 
willow  areas.  Thus,  the  importance  of  browse  in  the  winter 
diet  is  underrepresented  here. 
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SEASONAL  DIET 


Figure  V.1  Aggregate  seasonal  diet  of  wapiti  in 
mixed-wood  forest  region  of  Ministik  based  on  % 
number  of  bites  and  time  spent  foraging  in  each 
(Gates  1980). 
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Select ivi ty 

Despite  including  mostly  common  forages  in  the  diet, 
wapiti  exhibited  preferences  for  a  number  of  forage  items.  A 
preferred  species  may  be  defined  as  one  which  occurs 
propor t i onate 1 y  more  in  the  diet  of  an  animal  than  it  occurs 
in  the  environment  (Petrides  1975).  Preference  for  a  plant 
species  reflects  the  quantity  and  also  the  rate  of 
consumption  of  that  species  (Ivins  1962).  Preference  ratings 
(see  Krueger  1972)  attempt  to  measure  the  degree  of 
selectivity  that  is  exhibited  for  specific  forage  items 
(Hobbs  1979). 

The  degree  of  selectivity  during  foraging  varied  with 
season,  and  among  habitats  depending  on  vegetation  abundance 
and  diversity,  and  the  relative  abundances  of  preferred  and 
non-preferred  forage  types.  The  ability  of  wapiti  to  exhibit 
wide  variation  in  selectivity  (also  reported  by  Hobbs  1979 
and  Collins  1979)  allows  for  considerable  alteration  of  the 
dietary  components.  Hobbs  (1979)  found  that  wapiti  were 
capable  of  selecting  diets  of  similar  quality  and  similar 
portions  of  forage  classes  despite  differences  in 
availability.  This  ability  to  selectively  alter  the  diet 
allows  for  an  attenuation  of  the  nutritional  fluctuations  in 
forages.  By  selecting  browse  in  late  winter,  wapiti  on 
Hobbs'  (1979)  study  area  were  able  to  maintain  a  crude 
protein  intake  above  5%.  Hobbs  et  al .  (1980)  state  that  the 
wapiti  are  foraging  in  an  optimal  manner. 
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The  theory  of  optimal  foraging  (developed  by  McArthur 
and  Pianka  1966,  and  Emlen  1966;  reviewed  by  Schoener  1971, 
Krebs  1977,  Pyke  et  al  .  1977)  attempts  to  formulate  the 
basis  of  selection  by  an  optimally  efficient  forager,  and 
from  this  to  predict  diet  choice.  The  theory  is  based  on  the 
assumption  that  natural  selection  acts  on  animals  to 
maximize  their  foraging  efficiency.  Foraging  efficiency  is 
measured  in  terms  of  a  "currency"  (Schoener  1971);  energy 
being  the  most  common.  This  theory  has  generally  not  been 
applied  to  large  herbivores  (though  see  Belovsky  1978)  due 
to  limitations  of  foraging  constraints  (bulk  intake  and 
passage  time)  discussed  by  Westoby  (1974).  Hypotheses 
developed  from  the  theory  (see  Ellis  et  al .  1976),  however, 
have  been  applied  to  large  herbivores. 

According  to  the  theory  of  optimal  foraging, 
selectivity  should  increase  with  increasing  forage  abundance 
(Emlen  1966).  Hobbs  (1979)  found  that  wapiti  were  more 
selective  during  the  start  of  winter  when  forages  were  more 
abundant  than  during  late  winter.  Wapiti  at  Ministik 
exhibited  the  greatest  degree  of  selectivity  during  the 
summer,  when  forage  diversity  as  well  as  forage  abundance 
was  highest.  Selectivity  appeared  to  be  the  greatest  where 
forage  quality  differences  between  forage  items  were  the 
largest.  In  the  sedge  and  willow  habitats,  forbs  (mainly 
asters)  were  selected  from  among  mature  reedgrass  and 
sedges.  Although  these  graminoids  dominated  these  areas, 
they  were  non-preferred,  and  of  lower  quality.  On  the  upland 
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grasslands,  in  which  quality  differences  between  forbs  and 
regrazed  grasses  were  less,  forbs  were  selected  but  grasses 
still  formed  a  large  portion  of  the  diet. 

Selectivity  declined  during  the  fall  and  winter,  as 
would  be  predicted  by  the  optimal  foraging  theory  (Emlen 
1966).  As  species  diversity,  abundances,  and  forage  quality 
declined,  species  and  plant  parts  that  were  rarely  included 
in  the  summer  diet  were  frequently  ingested. 

Although  large  herbivores  tend  to  select  diets  of 
higher  quality  than  the  surrounding  vegetation,  the 
preference  for  a  particular  forage  often  cannot  be 
consistently  related  to  forage  character i st i cs  (Ivins  1962, 
Scotter  1965,  Radwin  and  Crouch  1974,  Tucker  et  al .  1976). 

In  Radwin  and  Crouch's  study  forage  characteristics  included 
protein  content,  fiber  character i st ics ,  sugars,  dry  matter, 
mineral  content,  essential  oils,  moisture,  and  dry  matter 
and  cellulose  digestibility.  Hobbs  (1979)  suggested  that  if 
the  unit  considered  is  the  plant  part  (what  the  animals 
ingest)  rather  than  the  entire  plant,  a  consistent  relation 
might  be  found.  At  Ministik,  forages  representative  of  those 
consumed  by  wapiti  were  analyzed  for  crude  protein  content. 
In  some  instances,  wapiti  preferred  species  which  contained 
greater  amounts  of  crude  protein  (peavine,  aster)  than  other 
species.  However,  this  was  not  a  consistent  finding,  and 
wapiti  often  consumed  large  amounts  of  forage  with  lower 
protein  values.  Secondary  compounds,  which  act  as  toxins  to 
rumen  mi cro-organs i ms  (Freeland  and  Janzen  1974),  play  an 
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important  role  in  winter  forage  selection  of  subarctic 
herbivores  (Bryant  and  Kuropat  1980).  Bryant  and  Kuropat 
(1980)  found  that  moose  forage  preferences  were  not  well 
correlated  with  crude  protein  content  of  browse  but  were 
strongly  negatively  correlated  with  the  resin  content. 
Preferred  browse  species  such  as  willow  and  aspen  contained 
less  resin  (reflecting  levels  of  plant  secondary  compounds). 
Resins  lower  rumen  microbe  numbers,  leading  to  increased 
rumen  turnover  times  (Bryant  and  Kuropat  1980).  Thus 
starvation  can  occur  despite  a  full  rumen.  The  value  of 
being  a  generalist  feeder  is  that  the  effects  of  toxic  plant 
chemical  defenses  is  reduced  (Freeland  and  Janzen  1974).  It 
is  likely  that  wapiti  choose  their  diets  based  on  a  number 
of  nutritional  criteria,  resulting  in  partial  preferences 
( Westoby  1974) . 

Plant  Phenology  and  Spatial  Distribution 

Plant  phenology  was  an  important  factor  influencing 
diet  selection  of  wapiti.  Species  that  greened-up  before 
others  in  spring  were  those  most  heavily  used.  As  more 
preferred  forages  inititated  growth,  wapiti  shifted  to 
these.  Early  growth  forms  or  plants  maintained  in  an  early 
phenological  stage  were  selected  over  mature  or  cured  forms. 
If  mature  plants  were  consumed,  the  leaves  or  leaves  and 
upper  portions  of  the  stems  were  stripped  from  the  lower 
portions  of  the  plant.  In  browse  species,  leaves  were 
selected  over  twigs  and  branches. 
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The  seasonal  pattern  of  use  of  many  species  could  be 
related  to  the  phenological  stage  of  that  species  and  of  the 
surrounding  species.  For  example,  thistle  was  rarely 
consumed  during  early  growth  stages,  but  in  the  fall  both 
green  and  cured  thistle  was  consumed.  Curing  and  decline  in 
abundance  of  more  preferred  species  may  have  influenced  the 
inclusion  of  thistle  in  the  diet. 

Spatial  distribution  of  forages  may  also  influence 
plant  availability  and  use.  Krueger  (1972)  stated  that 
uniformly  distributed  plan-ts  may  occur  more  frequently  in 
the  diet  than  plants  with  irregular  distributions.  That 
appeared  to  be  the  case  for  wapiti  at  MinistiK.  The  wapiti 
fed  continuously  over  an  area,  selecting  for  specific  items 
as  they  came  to  them,  rather  than  moving  between  dispersed 
patches . 

Vertical  distribution  of  plants  and  plant  size  also 
affect  forage  consumption  (Hobbs  1979,  Collins  1979). 

Matured  grasses  and  sedge  tend  to  interfere  with  the 
selection  of  forbs  and  early  stages  of  grass  growth.  Shrubs, 
and  thistle  also  hindered  consumption  of  plants  that  grew  in 
proximity  to  them.  Small  plant  size  may  also  prevent 
selection  from  surrounding  forages,  as  was  also  noted  by 
Hobbs  (1979). 
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Diet  Quality 

Diet  quality  is  an  indication  of  the  nutritive  value  of 
the  diet  in  relation  to  the  nutritional  requirements  of  an 
animal,  which  vary  with  season,  age  and  sex.  Diet  quality  is 
greatly  influenced  by  forage  quality.  Yet,  ruminants  tend  to 
select  diets  of  higher  nutritional  quality  than  found  in  the 
environment  (Arnold  1964,  Klein  1970).  Selection  for 
specific  plant  parts,  or  alteration  of  the  proportion  of 
forage  classes  in  the  diet  can  compensate  for  changes  in 
forage  quality  (Hobbs  1979). 

Since  the  forages  collected  were  intended  to  duplicate 
those  ingested  by  wapiti,  diet  quality  exhibited  seasonal 
trends  similar  to  that  of  forage  quality.  Crude  protein 
content  of  the  diet  was  highest  in  spring  and  summer, 
declining  through  fall  and  winter.  Much  of  the  winter 
foraging  occurred  in  the  poplar  forest  regions,  and  little 
occurred  in  the  sedge  meadows.  Thus  the  overall  winter  diet 
quality  (based  on  nitrogen  levels)  would  probably  be  greater 
than  7%  crude  protein.  McReynolds  (1977)  also  found  that 
wapiti  winter  diets  in  Washington  exceeded  7%  crude  protein. 
In  both  cases,  diet  quality  exceeds  values  estimated  for  the 
maintenance  requirements  of  wapiti.  McCullough  (1969) 
concluded,  based  on  studies  of  deer  and  domestic  ruminants, 
that  diets  containing  7%  protein  are  adequate  for  wapiti 
during  winter.  Nelson  and  Leege  (1982)  estimated,  from 
wapiti  feeding  trial  data,  that  crude  protein  content  of 
forage  required  for  wapiti  maintenance  would  be  about  5.7%. 
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They  also  concluded  that  wapiti  on  browse  ranges  would 
require  higher  crude  protein  levels,  due  to  a  reduction  in 
consumption  rates  and  lower  digestibility. 

Hobbs  (1979,  1981),  however,  found  wapiti  winter  diets 
in  Colorado  to  contain  on  the  average  5.4%  crude  protein. 

Red  deer  ( Cervus  elaphus)  were  capable  of  maintaining  body 
weights  on  diets  containing  5%  crude  protein  (Maloiy  et 
a/.).  Robbins  et  a/.  (1975)  predicted  that  when  forages 
consumed  by  deer  ( Odocoileus  spp. )  contained  less  than  4.8% 
crude  protein,  the  apparent  digestibility  of  the  diet  would 
be  negative.  Hobbs  (1979)  and  Nelson  and  Leege  (1982) 
conclude  that  wapiti  diets  containing  much  less  than  5% 
crude  protein  would  be  protein  deficient,  and  would  also 
decrease  the  rate  of  carbohydrate  digestion.  At  Ministik, 
the  diet  quality  was  below  5%  only  in  the  sedge  meadow 
during  the  winter.  Therefore,  the  diets  in  the  poplar 
forest,  willow,  and  grassland  habitats  should  have  provided 
sufficient  protein  throughout  the  winter. 

Hobbs  (1979)  found  that  when  grass  and  browse  were 
equal  in  protein  content,  animals  consumed  primarily  grass 
and  thereby  maintained  relatively  high  protein  intake  and 
diet  digestibility.  When  grass  protein  fell  to  a  critical 
level  (w  5% ) ,  wapiti  shifted  to  browse  which  contained  higher 
protein  levels  at  that  time.  Elk  were  limited  by  the 
availability  of  forages  which  contained  adequate  protein 
content  and  not  absolute  forage  biomass.  At  Ministik, 
habitat  usage,  and  therefore  diet  selection,  appeared  to  be 


. 


* 

* 

, 

. 

' 


127 


influenced  by  both  quality  and  quantity  of  forage.  Regrazed 
grasslands  had  the  highest  protein  quality  but  also  the 
lowest  prewinter  biomass.  E1K  tended  to  use  these  areas  only 
when  snow  depths  were  shallow  and  cratering  was  not 
necessary  for  snow  removal.  The  sedge  meadows,  with  a  large 
prewinter  biomass  but  low  forage  quality  (w5%),  were  only 
occasionally  used.  The  forest  area  of  intermediate  forage 
quality  and  biomass,  and  also  the  cover  type  largest  in 
area,  was  used  the  most  during  winter. 

Hobbs  (1979)  used  winter  diet  quality  data  (crude 
protein  content,  cell  wall  components,  and  in  vitro 
digestibility)  in  a  simulation  model  of  wapiti  energy  and 
nitrogen  balance.  He  found  that  in  habitats  where  wapiti 
energy  status  was  most  favorable,  nitrogen  balance  was  most 
negative.  In  most  habitats,  predicted  energy  requirements 
exceeded  energy  gains.  Predicted  weight  losses  were  greatest 
where  herbage  biomass  was  the  largest,  as  Wallmo  et  al . 
(1977)  also  found.  Thus,  carrying  capacity  estimates  based 
on  forage  quality  are  different  from  those  based  on  forage 
quantity  (Hobbs  1979). 

Spring  diets  contained  20%  crude  protein  or  more,  a 
figure  comparable  to  McReynolds'  (1977)  total  spring  diet 
quality  of  23%  crude  protein  for  wapiti  in  Washington. 

Nelson  and  Leege  (1982)  estimated  that  a  diet  of  20%  crude 
protein,  with  a  protein  digestion  coefficient  of  about  0.7, 
would  provide  nearly  three  times  the  protein  required  for 
maintenance  and  pregnancy  (Nelson  and  Leege  1982). 
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Summer  diet  quality  contained  from  16.5%  to  18.6%  crude 
protein  in  the  different  habitats  at  Ministik.  These  values 
are  comparable  to  other  studies.  Hobbs  (1979)  found  summer 
diets  in  Colorado  to  average  16.2%  crude  protein.  Collins 
(1979),  working  in  Utah,  reported  wapiti  summer  diets 
averaging  18.9%  crude  protein.  These  summer  diets  all  exceed 
the  level  of  13%  that  French  et  al .  (1955)  recommend  for 
optimal  growth  and  reproduction  of  white-tailed  deer.  As 
well,  these  diets  exceed  the  protein  demands  of  lactation  as 
estimated  for  wapiti  by  Nelson  and  Leege  (1982). 

Dur i ng'  spr i ng  and  summer  wapiti  were  capable  of 
increasing  the  forage  quality  on  the  upland  and  lowland 
grassland  areas  by  maintaining  them  in  a  state  of  regrowth. 
As  a  result  diet  quality  from  these  regrazed  areas  was 
probably  higher  than  similar  ungrazed  areas.  Bedell  (1971) 
found  that  both  cattle  and  sheep  were  able  to  select  diets 
higher  in  protein  and  lower  in  fiber  on  grazed  areas  than 
that  which  was  present  as  ungrazed  forage.  Streeter  et  al . 
(1974)  found  that  cattle  selectively  graze  bluegrass 
regrowth  so  as  to  maintain  a  high  dietary  nutrient  intake 
throughout  the  growing  season. 

Dietary  Constraints  and  Differences  Among  Wapiti  Classes 

Ruminants  exhibit  anatomical,  physiological,  and 
ecological  constraints  on  diet  selection.  The  anatomy  of  the 
digestive  tract,  to  a  large  extent,  determines-  the 
efficiency  of  utilization  of  food  items.  Larger  ruminants 
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tend  to  have  larger  rumens  per  unit  body  weight  than  smaller 
ruminants  (Hofmann  1973),  permitting  greater  rumen  fill. 
Rumen  fill  and  retention  time  largely  determine  intake 
(Baile  and  Forbes  1974).  The  passage  rate  through  the 
digestive  tract  is  influenced  by  the  number  of  physical 
barriers  present  in  the  rumen  and  omasum,  and  this  varies 
considerably  according  to  the  kinds  of  foods  eaten  (Hofmann 
1973).  Hofmann  divided  African  ruminants  into  groups  based 
on  their  stomach  structure.  Bulk  and  roughage  feeders,  which 
subsist  mainly  on  grasses,  have  a  large  subdivided  rumen 
which  delays  coarse  fibrous  foods  and  allows  for  more 
complete  fermentations  of  ingested  forages.  Selective 
feeders  (which  feed  on  browse  tips  and  forbs)  have  a  simple, 
relatively  small  rumen  which  allows  for  quick  turnover  of 
food  and  a  high  rate  of  fermentation.  Feeders  of 
intermediate  selectivity  (consuming  both  grasses  and  browse) 
exhibit  intermediate  character i st i cs  in  anatomy  and  rate  of 
fermentation . 

That  wapiti  exhibit  an  intermediate  feeding  style  is 
suggested  by  their  rumen  structure  (Church  and  Hines  1978) 
and  their  food  habits  (Hobbs  1979,  Hobbs  et  al .  1983).  The 
inclusion  of  mainly  common  foods  in  the  diet,  and  the 
ability  of  wapiti  to  shift  relative  use  of  forage  classes 
seasonally  and  also  within  a  season  in  different  habitats 
supports  their  classification  as  mixed  feeders.  This  feeding 
style  allows  wapiti  to  be  generalistic  and  opportunistic 
feeders,  capable  of  using  a  wide  variety  of  plant  species 
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and  habitat  types.  Thus,  wapiti  are  able  to  feed  on  the  most 
nutritious  food  items  at  any  given  time  of  the  year  (Hanley 
1980) . 

In  a  comparison  of  winter  food  habits  of  wapiti,  mule 
deer,  and  bighorn  sheep,  Hobbs  et  al .  (1983)  found  that 
wapiti  consumed  diets  with  the  lowest  concentration  of  cell 
solubles  and  the  largest  proportion  of  unlignified  cell 
wall.  Wapiti  were  the  least  selective  of  the  three  species. 
Collins  (1979)  compared  the  summer  diets  of  wapiti  and  mule 
deer.  He  found  that  wapiti  diets  contained  a  greater 
percentage  of  common  forages,  and  were  higher  in  fiber 
content . 

Energy  and  nutrient  requi rements ,  which  are 
functionally  related  to  animal  body  weight  (W  °-7  5 )  (Kleiber 
1961),  also  predict  that  common  forages  should  make  up  a 
large  proportion  of  the  diet  of  large  herbivores  (Bell  1971, 
Geist  1974,  Jarman  1974,  Janis  1976).  Absolute  maintenance 
requirements  (per  animal  per  unit  time)  increase  with 
increasing  body  size.  Thus,  larger  animals  must  ingest 
greater  quantities  of  forage  and  therefore  spend  more  time 
feeding.  The  large  amount  of  intake  required  necessitates 
that  common  forages  comprise  much  of  the  diet.  Since  this 
requirement  is  less  for  small  animals,  they  ingest  less  and 
can  afford  more  time  to  be  selective.  In  relation  to 
relative  maintenance  requirements  (per  unit  weight  per  unit 
time),  smaller  animals,  with  their  higher  metabolic  rates 
require  more  protein  and  energy  per  unit  weight  per  day  than 
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larger  animals.  As  they  also  have  a  smaller  gut,  they 
compensate  for  these  constraints  by  selecting  for  a  lower 
fiber/protein  ratio  in  their  diet. 

Theoretically,  younger  wapiti,  with  their  smaller  body 
size  and  therefore  different  energy  requirements,  would  be 
expected  to  feed  more  selectively  than  adults  (Geist  1982). 
Younger  animals  also  possess  morphologica 1  features,  such  as 
a  narrow  jaw,  which  would  allow  for  the  selection  of  plants 
and  plant  parts  which  cannot  be  selected  by  animals  with 
larger  jaws  (Field  1970,  Hofmann  1973,  Jarman  1974).  Dietary 
differences  attributable  to  age  have  been  reported  in 
ungulates  (Bergerud  1972,  Tucker  et  al .  1977,  Wi 1 lms  et  al . 
1980).  However,  a  number  of  studies  reported  no  age 
differences  in  diet  selection  (Dudzinsiki  and  Arnold  1973, 
Johnson  1980,  Kie  et  a/.  1980,  and  Hobbs  et  al .  1983).  Hobbs 
et  al .  found  no  significant  differences  between  the  diets  of 
wapiti  as  calves  and  as  yearlings  in  the  same  area  in 
Colorado . 

At  Ministik,  age  was  not  a  major  influence  of  diet 
selection  at  the  forage  class  level.  Sporadic  differences 
occurred  in  habitats  of  high  plant  diversity,  though  the 
differences  followed  no  particular  pattern.  During  winter, 
the  low  forage  diversity  and  abundance  may  have  limited  the 
selection  of  a  different  diet  by  young  animals.  During 
spring  and  summer,  when  all  forages  were  relatively  high  in 
protein  content,  foraging  in  a  less  selective  manner  than 
possible  may  not  have  penalized  young  wapiti  in  terms  of 
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nutritional  requirements. 

Harper  (1962)  found  that  diets  of  cows  and  calves 
differed,  as  calves  foraged  on  a  greater  number  of  species 
and  fed  in  a  discontinuous  manner.  Although  calves  exhibit 
this  exploratory  foraging  behavior  when  very  young,  they 
were  feeding  in  a  continuous  manner  similar  to  adults  when 
their  diets  were  first  sampled,  at  4.5  months  of  age. 

It  would  also  be  expected  that  pregnant  and  lactating 
females,  with  their  increased  energy  requirement,  would 
exhibit  differences  in  dietary  selection.  According  to 
theory  of  optimal  foraging,  these  animals  should  forage  less 
selectively,  increasing  their  diet  breadth  ( Schoener  1971). 
Although  there  were  few  animals  to  compare,  no  differences 
were  noted  in  the  diets  of  pregnant  or  lactating  cows 
compared  with  nonpregnant  cows  of  the  same  age.  A  decrease 
in  foraging  selectivity  is  not  the  only  means  by  which  these 
cows  can  compensate  for  greater  energy  requirements.  During 
two  activity  scans  of  lactating  and  non- 1 actat i ng  females  in 
August  (1981),  lactating  females  started  their  foraging 
bouts  before  nonlactating  females  and  often  continued 
foraging  longer.  Since  calves  were  already  beginning  to 
spend  a  considerable  amount  of  time  feeding  on  vegetation  at 
this  time,  differences  in  length  of  foraging  bouts  may  have 
been  even  greater  during  the  earlier  stages  of  lactation. 
Increased  length  of  the  foraging  period  during  pregnancy  and 
lactation  has  been  recorded  for  domestic  sheep  (Arnold  and 
Dudzinski  1967),  waterbuck  (Kobus  deffassa)  (Spinage  1968), 
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and  impala  (Aepyceros  me! am pus)  (Jarman  and  Jarman  1973). 
Increasing  the  number  of  feeding  bouts  would  have  similar 
resu Its. 

Adult  males  had  a  larger  bite  size.  On  some  areas,  such 
as  the  upland  grasslands  where  the  major  plant  species 
formed  an  integrated  pattern,  a  higher  proportion  of  their 
bites  included  a  greater  number  of  species.  However,  this 
did  not  significantly  alter  the  proportions  of  forage 
classes  in  the  diet  as  compared  to  the  other  wapiti. 

In  winter,  the  size  and  strength  of  adult  males  allowed 
them  to  bend  and  break  down  small  aspen  and  balsam  trees, 
making  more  forage  available  for  use.  Similar  foraging 
behavior  has  been  observed  in  moose  (Telfer  and  Cairns 
1978).  This  activity  accounted  for  little  of  the  wapiti  diet 
in  the  poplar  forest.  Consumption  of  large  branches  may  have 
been  related  to  rumen  fill,  rather  than  nutritional  benefit. 
Fallen  leaves,  which  comprised  the  majority  of  the  forest 
winter  diet,  were  higher  in  crude  protein  and  more 
digestible  than  the  branches. 

The  lack  of  observed  dietary  differences  among  the 
wapiti  can  also  be  related  to  their  herding  behavior.  Jarman 
(1974)  predicted  that  individuals  in  large  aggregations  can 
not  be  as  selective  in  their  diet  choice  as  more  solitary 
animals  due  to  competition  for  forage  items.  Herding 
behavior  of  wapiti  at  Ministik  was  strongest  in  the  winter 
and  loosest  in  the  summer,  as  Gates  (1980)  also  found. 
Although  adult  females  and  calves  generally  remained 
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together  throughout  the  year,  adult  males  were  often 
observed  foraging  alone.  However,  the  diets  that  cows  and 
bulls  chose  in  each  habitat  remained  similar.  Harper  (1962) 
also  found  that  dietary  differences  between  bull  and  cow 
wapiti  were  a  result  of  them  using  different  portions  of 
range.  When  the  bulls  and  cows  foraged  on  the  .same  range, 
their  diets  were  similar. 

Learning  may  also  play  a  role  in  the  development  of 
food  habits  (Leuthold  1977).  Direct  imitation  of  the  mother 
or  another  social  member  may  be  on  mechanism  by  which  young 
animals  recognize  palatable  foods,  thus  influencing 
preferences  (Edwards  1976).  Arnold  and  Mailer  (1977), 
working  with  sheep,  found  that  early  experiences  influenced 
diet  selection  at  a  later  time. 

Snow 

During  winter,  when  forage  is  lower  in  nutritional 
quality  and  abundance,  snow  further  decreases  availability 
of  forage  and  hinders  ungulate  movement.  That  snow 
influences  distribution,  habitat  selection,  and  forage 
selection  by  wapiti  has  been  frequently  documented  (Gaffney 
1941,  Craighead  et  a/. 1973,  Beall  1974,  Ward  et  a/.  1975, 
Martinka  1976,  Leege  and  Hicken  1977).  Elevational 
migrations,  and  the  use  of  southerly  aspects  are  related  to 
selection  for  areas  with  shallow  snow  depths. 

Telfer  (1978)  found  that  snow  depth  was  more  related  to 
wapiti  winter  distributions  in  Alberta  than  local  abundance 


. 


* 


. 


•  ; 


135 


of  browse.  HornbecK  (1979),  however,  found  snow  depth  to  be 
an  unimportant  factor  in  his  study,  and  the  winter 
distribution  of  wapiti  in  Manitoba  was  related  to 
vegetational  features.  The  shallow  snow  depths  at  Ministik 
during  the  study  were  not  sufficient  to  influence  movement 
or  habitat  utilization  patterns.  When  snow  depths  are  under 
20  cm,  wapiti  can  muzzle  the  snow  out  of  the  way  (Gates 
1980).  At  greater  snow  depths,  wapiti  crater  for  ground 
forage.  Since  snow  depths  were  always  under  30  cm,  and 
varied  little  between  habitats,  snow  depths  alone  could  not 
explain  the  patterns  of  forage  use  at  Ministik  during  the 
winter. 

Habitat  usage  and  the  use  of  specific  areas  within 
habitats  appeared  to  be  influenced  by  a  combination  of 
forage  availability  and  snow  conditions.  The  upland 
grasslands,  which  had  a  relatively  low  prewinter  biomass, 
were  seldom  used  when  wapiti  had  to  crater  through  snow  to 
expose  the  forage.  Use  was  generally  restricted  to  the 
grass  1 and-forest  border  where  forage  availability  was 
greatest  and  fallen  leaves  were  also  present.  Gaffney  (1941) 
also  observed  wapiti  cratering  in  areas  of  higher  vegetation 
availability.  When  snow  depths  were  only  a  few  centimeters 
or  snow-free  patches  occurred  on  the  uplands,  foraging  on 
these  areas  increased. 

Wapiti  spent  the  majority  of  their  winter  foraging  time 
in  the  forest  regions,  and  in  the  willow  habitat.  In  the 
forest,  wapiti  cratered  for  abundant  fallen  leaves. 
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Cratering  was  common  in  close  proximity  to  tree  trunks, 
where  leaf  availability  was  greatest.  Wapiti  were  often 
observed  to  reuse  previous  craters.  During  warming  periods 
when  the  vegetation  at  the  base  of  tree  trunks  or  on  steep 
slopes  was  exposed,  wapiti  concentrated  their  foraging  in 
these  areas.  In  the  willow  habitat,  wapiti  cratered  in  areas 
where  herbage  abundance  was  high  and  generally  only  browsed 
on  twigs  in  areas  where  ground  cover  was  low.  Thus,  wapiti 
appeared  to  forage  in  a  manner  in  which  they  expended  the 
least  amount  of  energy  possible  in  order  to  fulfill  their 
energy  requirements.  Geist  (1982)  has  termed  this  behavior 
the  law  of  minimum. 

Crusted  or  hard-packed  snow  decreases  the  snow  depth  at 
which  herbaceous  vegetation  is  accessible  (Gaffney  1941, 

Ward  et  al .  1975,  Gates  1980).  Heavy  grazing  by  wapiti  and 
bison  in  the  lowland  grassland  area  resulted  in  dense 
packing  of  snow.  At  some  regions,  an  ice  layer  at  ground 
level  restricted  foraging  on  those  areas. 

Many  studies  indicate  that  wapiti  browse  more  during 
the  winter  than  at  other  seasons.  In  some  areas,  this 
increase  in  winter  browsing  has  been  related  to  increased 
snow  depths  (Rouse  1957,  Gates  1980).  Gates  (1980)  found 
that  the  time  wapiti  at  Ministik  spent  browsing  increased 
with  increasing  snow  depth.  Although  browsing  increased 
during  the  1980-81  winter,  it  was  more  a  result  of  shifts  in 
habitat  selection  due  to  forage  availability  rather  than 
snow  depths . 
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Since  snow  conditions  vary  greatly  from  year  to  year, 
and  wapiti  exhibit  flexible  foraging  behavior,  annual 
variations  in  habitat  selection  and  diet  composition  are  to 
be  expected. 

Foraging  Efficiency 

Foraging  patterns  of  herbivores  change  to  cope  with 
seasonality  of  quantity  and  quality  of  food  supplies 
(Novel  lie  1978).  These  changes  should  be  reflected  in  overt 
foraging  behavior.  Wapiti  at  Ministik  exhibited  seasonal  and 
habitat  variations  in  consumption  rates,  rate  of  movement, 
and  time  spent  in  other  activities  during  foraging  periods. 

The  rate  of  feeding,  as  indicated  by  the  number  of 
bites  per  minute  and,  to  a  lesser  extent,  the  number  of 
feeding  stations  per  minute,  was  greater  in  spring  and/or 
summer  than  other  seasons.  This  coincided  with  periods  of 
increased  availability  of  high  quality  forage.  During 
periods  of  abundance,  wapiti  may  relax  selection  (Hobbs 
1979).  Since  forage  quality  is  uniformly  high  during  summer, 
the  inclusion  of  species  of  relatively  lower  quality  would 
not  penalize  the  wapiti  in  terms  of  nutrient  requirements, 

and  thus  search  intensity  may  be  lower.  New  growth  can  be 

•» 

quickly  harvested  from  each  feeding  station  (Novel  lie  1978). 
In  response  to  declining  abundance  of  high  quality  forage 
during  fall,  wapiti  selected  for  green  plant  material  over 
senescent  plants.  Gates  (1980)  found  that  foraging  time  of 
wapiti  at  Ministik  increased  during  the  fall,  providing  an 
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opportunity  for  greater  selectivity  and  allowing  diet 
quality  to  remain  higher  than  if  foraging  time  had  not  been 
altered.  Novel  lie  (1978)  found  that  the  time  spent  at  a 
feeding  station  (feeding  station  interval;  FSI)  by  springbok 
( Ant i dorcas  mar sup ial is)  and  b 1 esbok  ( Dama 1 i scus  dorcus 
phillipsi)  was  inversely  correlated  with  forage  quality. 

High  FSI' s  were  associated  with  mature  or  dry  coarse  swards 
of  poor  nutritional  quality.  These  animals  could  have  been 
either  selecting  for  better  quality  forage  or  consuming  more 
of  the  forage  at  each  station,  thus  increasing  the  time 
spent  at  each  station. 

Foraging  rates  were  lowest  during  winter.  Low  food 
abundance  and  snow  cover  appeared  to  influence  foraging 
rates  the  most.  Snow  decreased  the  availability  and 
accessibility  of  food  resources.  Wapiti  were  forced  to 
muzzle  or  crater  to  obtain  herbaceous  vegetation  or  leaf 
litter.  Snow  removal  exerted  time  and  energy  costs.  Wapiti 
responded  to  these  conditions  by  lowering  their  plane  of 
selection  and  consuming  most  of  the  exposed  vegetation. 
Wapiti  fed  on  snow-free  areas,  or  used  old  craters  whenever 
possible;  both  these  activities  allowed  an  increased  rate  of 
consumpt i on . 

Within  a  season,  feeding  rates  tended  to  be  the 
greatest  on  areas  where  biomass  and  species  diversity  were 
low.  This  was  the  case  on  the  upland  grasslands,  where 
vegetation  was  short  and  prominent  species  were  evenly 
distributed.  The  lowland  grassland,  with  somewhat  similar 
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characteristics  to  the  uplands,  also  permi ted  higher 
foraging  rates.  The  poplar  forest  and  willow  habitats 
exhibited  the  lowest  bite  rate  of  the  habitats  over  most  of 
the  year.  Greater  species  diversity  and  more  complex 
structure  of  these  habitats  probably  contributed  to  the  more 
selective  foraging  behavior.  When  selectively  feeding, 
animals  spent  a  greater  amount  of  their  foraging  time  moving 
between  acceptable  food  items.  Novel  lie  (1978)  found  that 
for  both  springbok  and  blesbok  the  mean  FSI  was  higher  on 
unburnt  veld  in  comparison  to  burnt  veld  for  much  of  the 
year.  He  attributed  this  to  the  greater  selectivity 
exhibited  by  the  animals  on  the  unburnt  veld,  which  was  more 
complex  in  structure. 

Novel  lie  (1978)  observed  a  negative  correlation  between 
step  rate  and  mean  FSI.  The  longer  a  foraging  animal  spent 
at  each  feeding  station,  the  lower  its  overall  movements.  As 
well,  an  increased  rate  of  movement  during  foraging  was 
positively  related  to  bite  rates  and  station  rates  at 
Ministik.  Rate  of  movement  was  greatest  in  spring  and  summer 
and  lowest  in  winter  in  all  habitats  except  the  sedge 
meadows  where  animals  fed  at  clumps  of  vegetation  dispersed 
over  the  habitat.  In  contrast,  Owen-Smith  (1979)  found  that 
a  dry  season  drop  in  food  intake  rates  was  coupled  with  an 
increase  in  movement  rate,  and  hence  in  the  energetic  costs 
of  foraging  in  the  kudu  ( T ragel aphus  strepsiceros) . 

Novel  lie  (1978)  found  little  differences  in  foraging 
behavior  between  sexes  of  either  springbok  and  blesbok. 
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Differences  in  foraging  rates  and  movement  rates  existed 
among  the  different  sex  and  age  classes  of  wapiti  at 
Ministik.  However,  most  of  the  time  few  consistent  trends 
existed.  Adult  females  had  higher  bite  rates  in  some  of  the 
habitats  over  summer.  Adult  males  tended  to  have  a  slower 
rate  of  movement  while  foraging  in  the  summer.  This  could  be 
attributed  to  the  adult  males  more  solitary  foraging 
behavior  at  this  time.  Their  movement  was  not  influenced  by 
other  animals  as  it  was  in  the  herd. 

Consumption  Rates 

Productivity  of  the  animal  (growth  rate,  reproduction, 
lactation)  may  be  controlled  by  the  amount  of  food  consumed 
as  well  as  forage  quality  (Trudell  and  White  1981).  Food 
intake  is  influenced  by  the  time  devoted  to  foraging  each 
day,  the  time  spent  in  search  during  foraging,  the  biting 
rate,  and  the  size  of  bite  (Allden  and  Whittaker  1970, 

Chacon  and  Stobbs  1976,  Arnold  1964,  Arnold  and  Dudzinski 
1967).  Bite  size  of  wapiti  at  Ministik  generally  increased 
with  increasing  biomass.  Bite  rate  was  more  variable, 
generally  being  the  greatest  in  summer  and  the  lowest  in 
winter.  Changes  in  both  bite  size  and  bite  rate,  which  were 
influenced  by  vegetation  diversity,  compost i t i on ,  and 
phenology,  influenced  consumption  rates.  Allden  and 
Whittaker  (1970)  found  that  for  sheep  on  grass  swards  both 
biting  rate  and  bite  size  were  important  in  accounting  for  a 
constant  food  intake  with  changing  food  availability  at  high 
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plant  biomass.  Sheep  (Allden  and  Whittaker  1970),  Jersey 
cows  (Chacon  and  Stobbs  1976),  and  reindeer  feeding  on 
lichens  (Trudell  and  White  1981)  increased  bite  size  and 
decreased  biting  rate  with  increases  in  biomass.  However, 
reindeer  foraging  on  vascular  plants  had  a  constant  bite 
size  irrespective  of  biomass,  while  bite  rate  increased  in 
relation  to  the  biomass  of  selectively  eaten  grasslike 
plants  and  browse. 

Consumption  rates  (grams/minute)  of  cattle  (Chacon  and 
Stobbs  (1976),  sheep  (Allden  and  Whittaker  1970),  and 
reindeer  (Trudell  and  White  1980)  tended  to  increase  with 
increasing  biomass  though  reaching  a  maximum  level  at  which 
the  animal  could  not  further  increase  intake.  This  maximum 
level  varied  with  species  and  with  forage' compos i t ion  and 
structure  (eg.  height,  %  leaf).  Larger  bodied  herbivores, 
with  their  greater  intake  requirements,  reached  their 
maximum  intake  levels  at  greater  vegetation  biomass.  Chacon 
and  Stobbs  (1976)  found  cattle  grazed  on  pastures  yielding 
7,440  kg/ha  in  autumn  and  3,800  kg/ha  in  spring  to  consume 
8.7  kg/dav  and  6.1  kg/day,  respectively.  Intake  decreased 
with  defoliation  to  1.9  kg/day  in  fall  (pasture  3,600  kg/ha) 
and  2.8  kg/day  in  spring  (pasture  2,400  kg/ha).  At  different 
herbage  availability,  sheep  obtained  a  maximum  rate  of 
intake  at  1,800  kg/ha  (Allden  and  Whittaker  1970). 
Consumption  rate  declined  with  decreases  in  tiller  length. 
Trudell  and  White  (1981)  found  reindeer  maximum  intake  of 
willow  (4.8  kg/day)  and  lichen  (2.8  kg/day)  to  occur  at 
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2,000  Kg/ha. 

Consumption  rates  for  wapiti  tend  to  vary  widely  among 
habitats.  Collins  (1977,  1979)  found  intake  to  range  from 
3.7  to  17.6  grams/minute.  Highest  consumption  rates  occurred 
in  habitats  with  the  greatest  forage  production,  these 
tending  to  be  preferred  foraging  areas.  Collins  (1977,  1979) 
found  the  average  daily  summer  intake  of  wapiti  to  be  about 
8.3  kg/day.  Wapiti  at  Ministik  exhibited  lower  consumption 
rates,  averaging  7.8  grams/minute  in  the  summer  and  only  1.8 
grams/minute  in  winter.  Using  Gates  (1980)  activity  data, 
daily  intake  rates  for  wapiti  at  Ministik  would  be  3.6 
kg/day  and  1.4  kg/day  in  the  summer  and  winter, 
respectively. 

Collins  (1977)  suggest  that  consumption  rates  can 
determine  whether  or  not  a  habitat  segment  will  be  grazed  at 
all.  The  threshold  for  acceptance  of  a  segment  as  a  forage 
source  may  depend  on  minimum  daily  forage  requirments.  Based 
on  diet  data  from  the  Colockum  Creek  wapiti  herd, 

Washington,  Nelsen  and  Leege  (1982)  calculate  a  236  kg 
wapiti  cow  to  have  a  daily  intake  of  4.1  kg  in  winter  and  3 
kg  in  summer  for  maintenance  and  activity  requirements. 
Energy  required  for  gestation  and  lactation  was  0.31  kg/day 
and  5  kg/day  over  and  above  maintenance,  respectively.  Hobbs 
(1979),  using  a  simulation  model,  found  winter  intake  to 
vary  from  4.5  to  5.5  kg/day. 

Based  on  20  gram  intake  required  per  kg  body  weight 
(Nelsen  and  Leege  1982),  the  average  daily  intake  for  the 
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sex  and  age  classes  of  wapiti  at  Ministik  should  have  been 
about  3.7,  3.6,  3.6,  and  6.1  kg/day  for  fall  through  summer, 
respectively.  Thus,  the  observed  intakes  were  lower  than 
expected.  A  number  of  factors  could  have  contributed  to  the 
observed  values.  Bite  size,  taken  as  an  average  for  all 
animals,  may  have  been  underestimated  due  to  the  mixed 
structure  of  the  population.  Vegetation  biomass  may  also 
have  imposed  limitations  on  intake.  Chacon  and  Stobbs  (1976) 
found  low  leaf  densities  prevented  animals  from  harvesting 
large  quantities  of  herbage.  Sheep  (Allden  and  Whittaker 
1970)  and  reindeer  (Trudell  and  White  1981)  also  exhibit 
marked  decreases  in  intake  with  decreasing  biomass.  During 
fall,  winter,  and  spring,  vegetation  biomass  at  Ministik  was 
generally  below  that  at  which  maximum  intake  of  wapiti 
occurred  3,000  kg/ha).  When  accessibility  of  herbage 
imposes  limitations  on  the  rate  which  food  can  be  consumed, 
herbivores  can  partially  compensate  by  increasing  foraging 
time  (Allden  and  Whittaker  1970).  It  is  possible  that 
wapiti,  under  the  heavy  grazed  conditions  at  Ministik, 
foraged  longer  periods  than  when  they  were  first  introduced 
into  the  area.  Since  foraging  times  determined  by  Gates 
(1980)  were  used  to  determine  daily  intakes,  this  may  have 
contributed  to  the  low  consumption  rates  calculated. 

As  was  done  by  Wallmo  et  al .  (1977)  and  Hobbs  (1979), 
carrying  capacity  was  estimated  on  the  basis  of  forage 
quantity  by  calculating  the  number  of  wapiti  required  per 
unit  time  to  remove  one-half  the  total  winter  biomass.  An 
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average  intake  of  5  kg/day,  based  on  Hobbs  (1979)  data,  was 
used.  The  sedge  meadow,  and  willow  habitat  could  support 
more  wapiti  than  the  forest  or  grassland  habitats  (Table 
V.1).  However,  the  capacity  to  which  wapiti  can  utilize  the 
available  forage  resource  would  appear  to  be  influenced  by  a 
variety  of  factors,  thus  affecting  the  carrying  capacity  of 
an  area.  Not  all  available  vegetation  is  acceptable  as 
forage  to  the  animals.  Of  the  acceptable  forage,  not  all 
will  contain  the  nutritional  quality  required.  The  sedge 
dominated  habitats  could  support  the  greatest  number  of 
wapiti  based  on  biomass,  but  sedge  contained  protein  below 
suggested  levels  during  winter.  Variation  in  yearly 
precipitation  and  snow  conditions  can  cause  dramatic  changes 
in  forage  availability  and  foraging  effort  required.  The 
complexity  of  factors  influencing  carrying  capacity  and 
their  dynamic  nature  suggests  that  stocking  rates  should  be 
conservative.  Estimates  based  on  . 3  or  .25  of  the  total 
winter  biomass  may  be  more  realistic. 

Mixed  stocking  rates  of  10  animals/km  (moose  and 
wapiti)  at  Elk  Island  National  Park  resulted  in 
overutilization  (Bishoff  1981).  Bishoff  suggests  a  stocking 
rate  below  8.5  animals/km.  Since  wapiti  are  opportunistic 
and  general istic  foragers,  a  higher  stocking  rate  of  just 
wapiti  should  be  possible.  Heavy  stocking,  however,  should 
be  avoided  as  this  limits  free  choice  of  forage,  placing 
constraints  on  diet  expansion  and  ultimately  on  habitat 
selection  (Bishoff  1981). 
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Table  V.1:  Estimated  carrying  capacity  ( elk-days/ha ) 
for  the  Ministik  habitats  based  on  one-half 
of  the  prewinter  biomass  and  an  intake  rate 
of  5  kg/day. 


Habitat  Biomass  Intake  rate  Carrying  capacity 

(kg/ha)  (kg/day)  (elk-days/ha) 


Sedge  meadow 

2086.7 

5 

208.7 

Willow 

1898.6 

5 

189.9 

Poplar  Forest 

1519.6 

5 

152.0 

Upland  Grassland 

1022.2 

5 

102.2 

Lowland  Grassland 

1273.1 

5 

127.3 

. 
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SUMMARY 


A  study  was  conducted  at  the  Ministik  Wildlife  Research 
Station  on  the  foraging  behavior  of  wapiti.  The  purpose  of 
the  study  was  to  estimate  diet  composition  of  four  sex  and 
age  classes  of  wapiti,  diet  quality,  and  foraging  patterns 
of  these  animals  in  five  habitat  types  (willow,  poplar 
forest,  upland  grassland,  lowland  grassland,  and  sedge 
meadows).  Results  were  related  to  forage  quality  and 
quant i ty . 

Herbaceous  biomass  in  the  sedge  meadows  ranged  from 
1,949  kg/ha  in  April  to  7,001  kg/ha  in  August,  and  was 
significantly  greater  than  other  habitats.  In  the  willow 
habitat,  herbaceous  biomass  reached  6,000  kg/ha.  Willow  was 
the  dominant  shrub  with  186,638  twigs/ha.  Herbaceous  biomass 
in  the  grasslands  was  significantly  lower  than  the  Carex 
dominated  habitats,  and  was  due  in  part  to  the  continuous 
grazing  on  these  areas.  Biomass  ranged  from  433  to  4,949 
kg/ha  in  the  lowland  and  329  to  1,738  kg/ha  in  the  upland 
grassland.  Forbs  accounted  for  much  of  the  biomass  at  the 
end  of  the  summer. 

The  poplar  forest  had  a  significantly  lower  herbaceous 
biomass  than  other  habitats,  ranging  from  106  to  366  kg/ha. 
Forbs  dominated  the  biomass  during  summer.  Leaf  litter 
(browse)  was  an  important  component  of  forage  from  fall 
(1,833  kg/ha)  through  spring  (1,130  kg/ha).  Hazel  was  the 
prominent  shrub  in  the  understory,  averaging  150,682 
twigs/ha.  Other  commonly  occurring  shrub  species  were  rose, 
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raspberry,  saskatoon,  and  snowberry.  Browse  utilization  was 
heavy  resulting  in  preferred  species,  dogwood  and 
chokecherry  (Gates  1980),  being  poorly  represented. 
Encroachment  of  forest  onto  grasslands  was  prevented  by 
browsing  pressure. 

Crude  protein  content  and  dry  matter  digestibility  of 
major  forage  items  were  determined.  These  generally  varied 
significantly  among  forage  classes.  The  average  crude 
protein  content  of  grasses,  browse,  and  forb  samples  varied 
during  the  year  from  5.6  to  21%,  5.8  to  25%,  and  5.5  to  22%, 
respectively.  During  fall,  grasses  and  forbs  had 
significantly  higher  crude  protein  contents  than  did  browse. 
Forbs  continued  to  contain  more  protein  from  winter  through 
spring,  while  no  significant  differences  among  forage 
classes  occurred  in  the  summer.  Digestibilities  of  winter 
and  summer  samples  ranged  from  44  to  67%  for  grasses,  45  to 
74%  for  forbs,  and  35  to  60%  for  browse.  Digestibility  of 
forbs  were  significantly  greater  than  grasses  and/or  browse 
from  spring  through  fall.  In  winter  browse  was  significantly 
lower  than  both  forbs  and  grasses. 

Diet  composition  of  wapiti  varied  among  habitats  and 
seasons.  Few  significant  differences  in  forage  class 
composition  occurred  among  the  sex  and  age  classes  of 
wapiti.  Graminoids  comprised  the  spring  diets  in  most 
habitats.  In  the  poplar  forest  leaf  litter  was  also  consumed 
in  early  spring. 


' 


, 


n.  :  :■ 


. 


. 


148 


Browse  and  forbs  became  important  dietary  components 
during  summer  and  availability  was  a  major  factor  in 
determining  their  usage.  Grasses  remained  an  important 
dietary  component  on  the  grasslands.  Carex  was  seldom 
consumed  in  either  the  sedge  meadows  or  willow  habitat 
during  summer,  probably  as  a  result  of  advanced  growth.  In 
fall,  wapiti  shifted  back  to  foraging  mainly  on  graminoids 
in  most  habitats.  In  the  poplar  forest,  fallen  leaves 
dominated  the  diet  while  grasses  were  of  secondary 
importance  to  the  diet.  In  winter,  wapiti  concentrated 
foraging  in  the  poplar  forest  and  willow  habitats.  Fallen 
leaves  constituted  the  majority  of  the  forest  diet,  whereas 
browse  and  graminoids  contributed  much  to  the  willow  diet. 
Grasslands  were  mainly  used  when  snow  depths  were  shallow. 

Diet  diversity  indices  varied  among  habitats  and 
seasons.  Indices  were  generally  highest  in  the  summer  when 
forage  diversity  and  abundance  was  the  highest.  Habitats 
with  the  largest  species  diversity  and  complexity  in 
vegetation  structure  had  the  highest  indices. 

Diet  quality  exhibited  seasonal  trends  similar  to 
forage  crude  protein.  Dietary  crude  protein  was 
significantly  greater  in  spring  and  summer  than  fall  and 
winter.  Diet  quality  ranged  from  16  to  18%  among  habitats  in 
the  summer  and  4.8  to  8.8%  among  habitats  in  winter.  Crude 
protein  in  the  diet  was  generally  enough  to  provide 
maintenance  and  reproductive  requirements.  Fecal  crude 
protein  followed  the  same  trends  as  diet  quality,  but 
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generally  overestimated  these  values. 

Foraging  rates  varied  among  seasons,  habitats,  and 
classes  of  wapiti.  Foraging  rates  tended  to  be  the  greatest 
in  summer  and  lowest  in  winter.  Low  foraging  rates  were 
generally  associated  with  areas  of  greater  plant  complexity, 
and  also  with  snow  cover.  Consumption  rates  were 
significantly  greater  in  summer  (7.8  g/min)  than  other 
seasons,  winter  being  the  lowest  (1.8  g/min).  Consumption 
rates  tended  to  follow  trends  similar  to  changes  in 
herbaceous  biomass  on  the  grassland  areas  during  the 
snow- free  period. 
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Appendix  2:  List  of  species  occurring  in  wapiti  diets  and 
their  associated  abbreviations,  shrub  identification 
from  Gates  ( 1 980 ) . 


FORBS 

Achillea  millefolium 
Actacea  rubra 
Agrimonia  striata 
Anaphalis  margaritacea 
Anemone  canadensis 
Apocynum  androsaemi fol i urn 
Aral i a  nudi caul i s 
Aster  species 
Bidens  cernua 
Chenopodium  album 
Cirsium  arvense 
Cornus  canadensis 
Descuraina  sophia 
Disporum  thrachycarpum 
Epilobium  angusti fol ium 
Equisetum  spp. 

Erigeron  phi  1 adelphicus 
Fragaria  virginianus 
var .  glauca 
Galeopsis  tetrahit 
Galium  borea le 
Galium  triflorum 
Geum  allepicum 
Heracleum  lanatum 
Hieracium  canadense 
Lathyrus  spp. 

Linnaea  borealis 
Lysimachi a  ci 1 i ata 
Maianthemum  canadense 
Mentha  arvensis 
Mertensia  paniculata 
Mi  tel  la  nuda 
Osmorhiza  spp. 

Petasites  spp. 

Plantago  major 
Polygonum  amphibium 
Potentilla  anserina 
Pyrola  spp. 

Ranunculus  cymbal  aria 
Ranunculus  sceleratus 

Rubus  pubescens 
Sanicula  marilandica 
Scutellaria  galericulata 
Si  urn  suave 


Ac . mi . 

yarrow 

Ac.ru. 

baneber ry 

Ag . st . 

agrimony 

An . ma . 

pearly  everlasting 

An . ca . 

anemone 

Ap . an . 

dogbane 

Ar . nu . 

wi Id  sarsapar ilia 

As . sp . 

asters 

Bi .ce. 

nodding  beggar  ticks 

Ch . a  1  . 

1 ambsquar  ter 

Ci . ar  . 

thi st le 

Co . ca . 

bunchberry 

De . so. 

tansy  mustard 

Di . tr  . 

fairy  berry 

Ep . an . 

f i reweed 

Eq . sp . 

horsetai 1 

Er . ph . 

f leabane 

Fr .gl  . 

strawberry 

Ga . te . 

hemp  nettle 

Ga .bo. 

beds t raw 

Ga.tr. 

sweet  beds t raw 

Ge . al . 

ye  1  low  avens 

He . la. 

cow  parsnip 

Hi . ca . 

hawkweed 

La . sp . 

peavi ne 

Li .bo. 

twi nf lower 

Ly.ci . 

fringed  loosestrife 

Ma . ca . 

lily 

Me . ar . 

common  mint 

Me . pa . 

tall  lungwort 
bi shop' s  cap 

Mi . nu . 

Os . sp . 

sweet  cicley 

Pe . sp . 

col tsfoot 

PI . ma . 

common  plantain 

Po . am. 

water  smar tweed 

Po . an . 

si  1 verweed 

Py . sp. 

wi ntergreen 

Ra . cy . 

creeping  buttercup 

Ra . sc . 

celery- leafed 

buttercup 

Ru . pu . 

dewberry 

Sa .ma . 

snakeroot 

Sc . ga . 

common  skullcap 

Si . su . 

water  parsnip 
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Appendix 
thei  r 


2  :  L i st  of 
associated 


species  occurring  in  wapiti 
abbreviations,  continued. 


diets  and 


Smilacina  racemosa 

Sm. ra . 

false  Solomon's  seal 

Sol idago  spp . 

So. sp . 

goldenrod 

Sonchus  arvensis 

So. av. 

sow  thistle 

Stachys  palustris 

St . pa . 

hedge  nettle 

Stel lari  a  spp. 

St . sp . 

chi cKweed 

Taraxacum  officinale 

Ta . of . 

dande 1 i on 

Thalictrum  spp. 

Th . sp . 

meadow  rue 

Tr i fol i um  spp . 

Tr . sp . 

clover 

Ur t i ca  gracilis 

Ur.gr. 

common  nettle 

Vicia  americana 

Vi . am . 

vetch 

Viola  spp. 

Vi . sp . 

violet 

BROWSE 

Betula  papyrifera 

paper  birch 

Populus  balsamifera 

balsam  poplar 

Populus  tremuloides 

trembling  aspen 

Salix  spp. 

willow 

Amelanchier  a  Ini  folia 

saskatoon 

Cornus  stolonifera 

red  osier  dogwood 

Corylus  cornuta 

hazel 

Lonicera  dioica 

twinning  honeysuckle 

Lonicera  involucrata 

bracted  honeysuckle 

Prunus  virginiana 

chokecherry 

Ribes  spp. currant 

currant 

Rosa  spp. rose 

rose 

Rubus  hi rtel lum 

gooseberry 

Rubus  melanolasius 

raspberry 

Shepherd i a  canadensis 

buf f a loberry 

Symphoricarpos  spp. 

snowberry 

Viburnum  edule 

low  bush  cranberry 

GRAMINOIDS 

Agropyron  cristatum 

wheatgrass 

Bromus 

brome 

Ca 1 amagrost i s  spp. 

reedgrass 

Carex  spp. 

Ca . sp . 

sedge 

Poa  spp. 

b 1 uegrass 
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Appendix  3:  Herbaceous  biomass  (kg/ha)  In  the  sedge  habitat  during  snowfree  periods,  means  and 
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Appendix  4:  Herbaceous  biomass  (kg/ha)  In  the  willow  habitat  during  snowfree  periods;  means  and 
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Appendix  5:  Herbaceous  biomass  (kg/ha)  In  the  upland  grassland  habitat  during  snowfree  periods,  means  and 
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Appendix  6:  Herbaceous  biomass  (kg/ha)  In  the  lowland  grassland  habitat  during  snowfree  periods,  means  and 
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Appendix  7:  Herbaceous  biomass  (kg/ha)  In  the  poplar  forest  during  snowfree  periods,  means  and 
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Appendix  8:  Seasonal  in  vitro  dry  matter  digestibility 
values  of  grasses,  browse,  and  forbs  in  the  diet. 


Grasses  Browse  Forbs 

x  S.E.  x  S.E.  x  S.E. 


Season 


spr i ng 

63.28 

4.728 

52.52 

3.712 

70.21 

2.928 

summer 

66.52 

4.221 

59.89 

2.583 

73.53 

1.828 

fall 

44.10 

3.100 

35.79 

3.253 

47.42 

1.899 

winter 

43.60 

0.900 

33.67 

3.778 

44.63 

0.199 

• 

Is 

' 


Appendix  9:  Percentage  of  graminoids  contained  in  monthly  diets  of  the  four  sex  and  age 
classes  of  wapiti  in  each  habitat;  1=adult  males,  2=adult  females. 
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Appendix  10:  Percentage  of  browse  contained  In  monthly  diets  of  the  four  sex  and  age 
classes  of  wapiti  In  each  habitat;  1=adult  males;  2=adu1t  females. 
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Appendix  11:  Percentage  of  forbs  contained  In  monthly  diets  of  the  four  sex  and  age 
classes  of  wapiti  In  each  habitat;  1=adult  males,  2=adult  females. 
3=male  calves,  4=fema1e  calves. 
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Appendix  12:  Bite  weight  (grams/bite)  of  forage  species  or  groups  Included  In  wapiti  diets. 
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Appendix  12:  Bite  weight  (grams/bite)  of  forage  species  or  groups  Included  In  wapiti  diets,  continued. 
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Appendix  14:  The  number  of  feeding  stations/minute  of  the  four  sex  and  age  classes  of  wapiti 
In  the  five  habitat  types;  1=adu1t  males,  2=adult  females,  3=male  calves. 
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Appendix  14:  The  number  of  feeding  stations/minute  of  the  four  sex  and 
In  the  five  habitat  types;  1=adult  males,  2=adu1t  females. 
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Appendix  15:  Rate  of  movement  (steps/minute)  during  foraging  sessions  by  the  four  sex  and  age 
classes  of  wapiti;  1=adu1t  males,  2=adu1t  females,  3=male  calves,  4=female  calves. 
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Appendix  15:  Rate  of  movement  (steps/minute)  during  foraging  sessions  by  the  four  sex  and  age 
classes  of  wapiti;  1=adult  males,  2=adult  females,  3=ma!e  calves,  4=female  calves, 
cont 1 nued . 
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Appendix  16:  Time  spent  In  other  activity  by  the  four  sex  and  age  classes  during  foraging  sessions 
In  each  habitat;  1=adu1t  males,  2=adu1t  females,  3=male  calves,  4=female  calves. 
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Appendix  16:  Time  spent  In  other  activity  by  the  four  sex  and  age  classes  during  foraging  sessions 
In  each  habitat;  1=adu1t  males,  2=adult  females,  3=ma1e  calves,  4=female  calves, 
cont 1 nued . 
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